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Executive Summary

People want to stay connected with their infor​mation and entertainment sources, and the market is looking to automakers and suppliers to satisfy this desire with systems and applications for in-car information, navigation, entertainment, and communication. However, several challenges have delayed progress in this direction. The needs to contain costs, deliver products to market in a timely manner, withstand the realities of a rapidly shifting technology environment, and continually add value stand out as the primary obstacles.
Microsoft is helping automakers and the supplier community to overcome these challenges and make the most of the opportunities. For example, Microsoft Windows Mobile for Automotive (WMfA), the focus of this paper, is a complete hardware and software reference design that provides a flexible, quick-to-market solution that enables seamless integration of mobile devices such as cell phones and portable music players into the vehicle. It enables features such as hands-free communication, Web services connectivity, basic navigation, access to digital music, vehicle diagnostics and more. 
Some of the specific benefits Windows Mobile for Automotive provides for automakers and suppliers include: 
· Faster time-to-market - Manufacturers can move quickly to market with a standards-based, ready-to-install electronics gateway that gives consumers hands-free digital access to cell phones, music, and information from their cars.

· Cost effective. Windows Mobile for Automotive frees OEMs from the need to develop proprietary software, which entails high development costs. This entry-level solution is based on a familiar Microsoft programming model and supports industry standards for reliability, power consumption, and temperature. 
· Lifecycle enhancement. WMfA software is upgradeable. It can be refreshed to support new devices, applications, and industry standards, so in-car devices can stay in step with advances in technology and changes in consumer preferences for many years. The upgrades can be deployed easily and securely using via wireless connection or the USB port. 

· Flexible implementation. Available in two versions and easily customized, WMfA is the right solution to fulfill growing consumer digital demands—whether to provide features for luxury vehicles or for economy cars.
· Reliable, proven, and respected platform. Microsoft is the world leader in providing operating systems for devices, PCs, and servers. Working closely with the automotive industry, Microsoft has applied its software engineering experience and expertise to build automotive-grade software platforms uniquely suited to the needs of automakers and suppliers. In 2006, Frost and Sullivan awarded its 2006 Excellence in Technology Award to WMfA. 
· Customer satisfaction. Today, customers demand more in their vehicles, from voice-controlled cell phones and GPS navigation/mapping to rich multimedia audio and graphics, and real-time access to traffic and weather reports. With support for Bluetooth, universal plug-and-play, and USB, WMfA provides seamless integration with in-vehicle and external systems to satisfy the most-demanding customers.
The remainder of this document introduces WMfA features and capabilities and discusses how WMfA can help automakers and suppliers seize the opportunities.
Introduction 

The confluence of communications and consumer electronics technologies and the upsurge of form factors over the past decade have primed the automotive market with consumers who expect to connect with their information and entertainment at any time, even in their cars. To meet the customer expectations, and drive more value into the vehicle, the new generation of in-car systems needs to comprehend communication, entertainment, information, and navigation.

While the market opportunity is ripe for this new generation of integrated in-car systems, automakers and suppliers are challenged by a paradoxical set of requirements, including rich (and typically complex) features, automotive-grade quality and reliability, rapid time to market, and low cost. These systems also must operate in heavily resource-constrained environments and the sub-system designs must account for resource usage limitations in various forms. Further, designers must consider that the automaker may want to integrate the system into several families of cars. 
This paper looks at these challenges in some depth and discusses how Microsoft technologies and resources are helping automobile makers and automotive suppliers overcome the challenges and seize the opportunities of the new generation of systems. Chief among these technologies is Microsoft Windows Mobile for Automotive (WMfA), a complete hardware and software reference design specifically engineered for the automotive industry. 
Recognizing the Challenges 
To provide a basis for understanding WMfA design decisions and choices, this section examines the variety of stakeholders’ requirements that affect the design of in-car computing platforms as well as the tension that exists between some of these requirements. 

Overarching Considerations

Cost – Perhaps the most evident overarching requirement is cost. All stakeholders have voiced their requirements in this area loudly and clearly, and cost considerations therefore influence nearly every key decision during the design process. Not only must the costs associated with design and development be minimized, but a significant amount of attention must also be devoted to recurring costs such as hardware costs related to device manufacture, vehicle integration, fault diagnosis, repairs and upgrades, and so on.

Reliability – Automotive environments require systems that are capable of operating under harsh conditions, including extreme temperatures, dust, and vibrations, and in-car hardware design must therefore meet the strongly conflicting requirements of automotive-grade reliability and low cost. Although redundancy is a required characteristic for high reliability, building much redundancy at the hardware level is nearly impracticable if these systems are to meet cost requirements. System software must therefore account for this through mechanisms like data redundancy, mirroring, etc. Systems must also ensure constant availability to the end-user by detecting and gracefully recovering from various faults and error conditions. In addition, to drive reliability improvements from one generation to another, system design must support easy fault isolation and rapid diagnosis. Moreover, in all situations, in-car systems must never cause a drain on the vehicle battery so there is always enough power to operate the engine.

System Resource Constraints – Cost constraints further dictate that almost all key resources operate on a tight budget (i.e., systems must be designed with ‘just enough’ CPU, RAM, flash memory, etc.). Maintaining adequate processing resources for all applications requires some applications to perform intensive computing operations “off-board” (on a remote server). Flash space limitations require storage-heavy features to be multiplexed. For example, because a speech engine can take up a lot of space, it may make sense to load only the one primary language the customer will use. The challenge to create a rich user experience while sharing user interface elements like displays, buttons, and speakers with other in-vehicle systems represents another type of resource constraint. Yet another significant constraint is power, which is sourced primarily from the vehicle battery. Power must be carefully rationed, and systems must therefore employ mechanisms to turn off functionality incrementally after the car key is removed.
Performance – In spite of cost requirements and operating resource constraints, performance is still a key requirement. In-car systems must obey hard timing constraints regarding automotive network bus responsiveness. Meanwhile, because people expect in-car systems to be attentive to their needs at all times, design trade-offs may be necessary. (An important WMfA design decision that spares the CPU a significant amount of cycles is the use of a separate hardware module for the bulk of audio processing, which lets the CPU focus on other tasks and improves overall system performance and responsiveness.)

Safety and Security – Safety is naturally an important consideration of any in-car system, which must be designed with end-user safety in mind and must provide mechanisms that applications can use to determine the possibility of driver distraction. These systems must also increase security against possible attacks from various forms of malicious software along their various outward-facing interfaces and entry points. Moreover, systems must allow secure updates by authorized parties.
Standards-based – Standards-based design benefits multiple stakeholders. For users, it means better integration with a broad range of devices. For automakers, embracing industry standards means better adaptability across vehicle models. For the repair-shop, standards-based design means easy diagnosis using standard diagnosis tools, etc. On the consumer end, cutting-edge standards are often changing or emerging, while on the vehicle end, standards tend to be more stable and long-lived. This situation creates unique challenges, especially when the needs of both types of standards must be supported and interact within a single system. 
OEM Considerations

Vehicle Integration (Getting to one vehicle model) – The OEM is challenged with multiple integration points with the vehicle. For most of its user interface, the system is reliant upon vehicle specific user interface elements like the instrument cluster display, LEDs, buttons, microphones, etc. It also interacts with other systems in the vehicle like the dashboard, radio, various antennae, the vehicle networks, etc. Some of these provide well-defined interfaces for developer interaction; others do not. Furthermore, not all adhere to their documented interfaces, which can introduce system implementation challenges. 

Adaptability (Going to multiple models) – After vehicle integration, the next significant challenge is to build a system so that it can be adapted to a broad range of vehicles. In each vehicle, the various user interface elements are different, both in terms of form-factor and in terms of behavior. Often user interface elements are from different manufacturers, which may require a significant layer of adaptability or configurability to be built-in into the system so that the same system can be integrated into several vehicle models to minimize automaker’s costs.

Extensibility (Planning for the future) – System design must also factor in possible future enhancements by the automaker, such as the ability to work with a richer display, a different vehicle network, an altogether new mode of user input, and so on. Careful thought must be given to extensibility points and to designing the system so that it can be gracefully enhanced for possible future scenarios.

End User Considerations

Feature-Richness – Most end-users want features, features, and more features. They want to pair their newest phones, handheld devices, and even laptops. They want infotainment features, location-enabled services, communication services, and so forth. Clearly, these are at odds with the conflicting requirements of cost and performance.

Renewable – An important consideration for automotive devices is that features be renewable. The consumer electronics industry moves much faster than the auto industry: while vehicles are typically designed four years in advance of their public availability, many consumer electronics devices reach the end of their life cycles within that amount of time. This means that by the time the system actually hits the market, the consumer-facing technologies might be close to obsolete, yet the vehicle may still be in use for ten to fifteen years. Therefore, a general purpose in-car software systems must include the ability to update features, and different software features must be upgradeable to remain ”state-of-the-art” with respect to the various consumer-device standards (e.g., Bluetooth profiles).
User Interface – Because driving is the primary task the user must focus on, in-car systems must support the ability to interact with the user with the least amount of visual distraction and sensory overload. A speech based interface design works well with this requirement for several user scenarios (e.g., tasks like dialing a phone, navigating a trip, playing media, etc.). Speech interface design must factor in different sources and levels of noise from inside and outside the car. Although much functionality can be supported through speech, some functions are suited better to visual or tactile interaction. The fact that these interface elements (like displays, buttons, and audio) are shared with other sub-systems in the car creates interesting user-interface design challenges. For example, depending upon the context, pressing the same button might perform an altogether different operation, like accepting a phone call or playing a song. The design must therefore ensure that applications can build a natural and coherent interaction model so that the user intuitively knows what to expect upon a particular interaction. Another integration challenge for the user interface design is the requirement for the system to fit naturally with other in-car systems with which the end user is familiar. The system must appear as an intuitive and natural extension of the other in-vehicle electronic systems (radio, CD player, etc.).

Compatibility – The user base is often best served when the system is compatible with a broad range of consumer devices (mobile phones, Bluetooth devices, USB pen-drives, media players, etc.). The challenge here is to keep the development, testing, and support costs down while maximizing the supported set of devices. (Problems often arise due to different levels of adherence to standards.) It is also important to keep the system in sync with emerging standards, and for system engineers to make an educated assessment of the long-term value or those standards, so that the related technology can be included in the platform. 
Developer Requirements

Powerful and Approachable API and Tools – To enable development of rich application scenarios, in-car systems must support a powerful API set and provide an intuitive object-oriented framework that application writers are able to use. The framework and toolset must also be relatively familiar and approachable by the general development community (those who may not necessarily have automotive software experience).

Development and Testing – Systems must provide 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 software image to enable easy development, download, testing, and debugging of system images and applications. Moreover, the design must meet requirements from various testing phases like unit testing, functional testing, system integration testing, and in-vehicle integration testing. 

Well-factored Design – Because the system must be extensible by the OEM, it must be well-factored from a code design perspective to provide clean separation of core system areas and OEM extensible areas.

Solution: Microsoft Windows Mobile for Automotive
Windows Mobile for Automotive is Microsoft’s standard platform for integrated in-car communication, entertainment, and information. WMfA consists of a hardware reference design and software stack. It integrates hands free phone and media player functionality, and provides over-the-air device management, connectivity to other vehicle systems via automotive standards, and application power management capabilities, as well as USB support and global positioning service (GPS) resources. The hardware reference design, owned by Microsoft, is licensed to any device manufacturer that wants to build a Windows Mobile device. The software stack is optimized to run on the hardware reference design.

WMfA uses state-of-the-art technologies derived from research and development work being done by many groups at Microsoft. The use of proven, broadly deployed technologies from within Microsoft helps ensure the advanced maturity of these components. In particular, the design seeks to maximize the attributes of reusability, extensibility, scalability, and reliability. 
[image: image4.wmf]WMfA is a gateway solution for a variety of devices. It was designed to address the growing need for mobile device integration and to enable the following: 
· Connectivity via Bluetooth and USB to consumer devices

· Telephony via Bluetooth connected phone or embedded phone

· Digital music playback (MP3, WMA)

· Speech recognition, text to speech

· Remote updates and upgrades

· Navigation and location-based services

· Fleet management

· CAN network access 

· GPRS connectivity for remote data exchange

· Remote diagnostics

OEMs or any third party may separately implement many other uses.

Seizing the Opportunities

The benefits of using WMfA include the following: 
· Enables the production of a low-cost communication and entertainment system

· Quick-to-market

· Improved quality through well tested, vastly deployed components

· Ready-to-manufacture electronic gateway 

· Standardized solution

· Rich, out-of-the-box feature set

· Updatability of WMfA-based devices throughout their life cycle

Cost Containment

Over time, the WMfA platform will drive down cost to the OEM. Partially, this is because the cost of the platform will be amortized across the industry as it is adopted by more Tier 1 suppliers. In addition, the reference design will provide an improved basis for cost estimation.

The flexibility of the WMfA platform also enables a basis for new generation in-car products across OEMs’ product lines. Separating the hardware from the software allows cost savings to be independently pursued.
Time-To-Market

The WMfA platform allows differentiating innovations to be more quickly brought to market. With the solid foundation of the platform, the OEM can better focus on innovations that enhance the driving and ownership experience. The platform’s reference design will also facilitate faster integration of consumer electronic standards.

Lifecycle Enhancement

The update/upgrade functionality makes the resulting device future proof. While the physical connections like USB, Bluetooth, and WiFi are unlikely to change over the coming years, the requirements to support new codecs, new applications, new profiles, or new protocol versions will make it necessary to provide easy and secure update functionality. WMfA delivers update/upgrade capabilities that maximize security, flexibility, and process permanence. WMfA device management features allow for various levels of security based on OEM requirements. To maximize flexibility, the OEM has full control over the update process. Either end customers, or certified service stations or even only the OEM/Tier-1 may be enabled to perform updates as follows:

· “Over the air” via GSM/GPRS connection, WiFi, or Bluetooth; 
· Over USB using a USB mass storage (e.g. flash memory stick) or a service device (“Tester”); 
· By implementing an OEM-specific update process over CAN or diagnostic protocols. 
Process permanence is maximized because the update/upgrade functionality can be adapted to existing processes and infrastructure at the OEM.

Product Quality

Because WMfA is a hardware and software solution, the combined package is tested, which helps ensure a “ready to go” solution. The robust architecture and specifications ensure that design issues are better thought out and better understood by all parties. In addition, integration and testing can be expected to improve due to better-designed and defined interfaces. Significantly, a notable advantage of the WMfA platform is its reliance on reusable, proven components, which reduce code churn, and improved tool chains that allow the use of automated code testing tools.
The portion of software inside the vehicle will continue to increase; therefore, the importance of proven software development expertise is more important than ever. Microsoft strives to provide superior product quality through various factors: 
· A robust operating system architecture used across multiple classifications of devices provides a broad range of testing resources and consumer feedback to improve the stability and reliability of the platform core more quickly.

· Hardware reference design and software stack are developed and tested as an entity to make sure they are aligned optimally. 

· The reuse of vastly deployed and well-proven components from across Microsoft will reduce code churn.

· Microsoft’s well-documented development process has been optimized throughout decades. For automotive projects, Microsoft assigns more than one tester per developer to ensure best possible testing.

· Improved tool chains allow the use of automated stress and durability testing, automated code analysis, and modular component testing 
Technology 

So far, this paper has explored the challenges that face the automotive and consumer electronics industries, and identified the opportunities for automakers and suppliers to benefit from the work Microsoft is doing in this area. This section examines specific WMfA technical functionalities in more detail to illustrate how they relate to the opportunities.
	
	Opportunities
	
	WMfA Functionality

	
	· Cost Containment
	
	WMfA’s hardware reference design and software stack delivers functionalities that can help automakers and suppliers capitalize on current opportunities. Built on tested and honed technologies, it provides a standardized, quick-to-market device gateway solution that enables the production of low-cost, high quality, quick-to-market systems that are able to stand the test of time. 

	
	· Time-To-Market
	
	

	
	· Lifecycle Enhancement
	
	

	
	· Product Quality
	
	


Hardware Reference Design

WMfA’s automotive-grade, extensible, and cost effective hardware reference design includes blueprints and schematics that are provided to development partners and that will be enhanced and updated on a regular basis. The following are key features of the hardware design:

· ARM9 CPU running at 300MHz

· 32NAND flash, 32MB SDRAM (optionally 64MB flash, RAM)

· Noise and echo cancellation in an FPGA 

· Support for Vehicle IO:

· 1 CAN interface (optional 2nd and 3rd interface)

· K-Line (optional)

· R-Ladder

· A/D and GPIO 

· Bluetooth module

· Audio interface for microphone, phone, and MP3

· USB host connection

· GPS receiver 

· Phone Module 

Software Framework, Application Software

WMfA provides a general-purpose in-car software framework that is manufacturer independent, modular, scalable, flexible, and supports multiple languages. It includes update/upgrade capabilities via an open, XML based protocol. The software framework includes the following components:

CAN Protocol Stack

Controller Area Network (CAN) is a communication protocol used to deliver messages between Electronic Control Units (ECUs) in a car. It is a serial-based protocol and employs a hard priority system for network access that ensures that the ECU that is attempting to send a message with the highest priority will get exclusive access to the network. There is no single master on the CAN network, and as a result there is no single point of failure. Due to these features, the network has ‘real-time’ delivery and robustness that makes CAN extremely effective and popular in automotive environments.
The WMfA Platform supports a powerful CAN protocol stack based on networking abstractions provided by NDIS, WinSock, etc. The stack is designed to be data-driven by a vehicle-specific CAN message map. As a result, adapting to a different vehicle is as simple as plugging in a different CAN message map. 

Applications are interested in signals, however the CAN network transmits these grouped in messages. The CAN stack exposes a simple, signal-based abstraction to applications while performing the requisite translations for transmitting and receiving messages and abiding by the rules of the CAN bus. This greatly eases application writers’ burdens.

Diagnostics

WMfA supports diagnostics that enable both diagnosis of WMfA itself through a Diagnostics Client (Inbound Diagnosis) and diagnosis of other ECUs with WMfA performing the role of Tester (Outbound Diagnosis). An implementation of an ISO 15765-2 based transport protocol is used for both Inbound and Outbound Diagnostics on CAN. For InBound Diagnosis, a Keyword 2000-based Diagnostic Server is implemented. A service running on the device collects DTC information from various modules in a persistent database that can be subsequently queried. Outbound Diagnosis is supported through a WinSock-based Diagnostics Client API over both CAN (ISO 15765-2) and K-Line (ISO 14230-2). This may be used to enable remote diagnosis scenarios. 
Communication Services

Communication Services components enable an application to send and receive IP data over different types of connections. Examples include sending/receiving General Packet Radio Services (GPRS) data over a wireless connection using a Bluetooth wireless technology–enabled Global System for Mobile Communications (GSM) phone, sending/receiving GPRS data using an embedded GSM phone, and sending/receiving High Speed Circuit Switched Data (HSCSD) data using an GSM embedded phone. 
Multiple applications can request connections, and arbitration is handled according to the priority level by the system. WMfA allows multiple applications to either share connections or use them exclusively. It also provides the mechanisms required to support application connectivity using a user’s phone that is transient in nature (based on user’s proximity). 

It is possible to specify if a connection will only be established if the device is registered on the home network. This enables cost saving implementations of applications, e.g. only connecting regularly to a remote server if no roaming is necessary.

The system also supports sending and receiving SMS (Short Message Service) messages and implements a SMS routing service that can let applications exercise fine-grained control over handling of SMS messages.

Device Management (Over-the-air and USB)

The Device Management functionality in WMfA supports secure and reliable updateability of system software, applications, and related configuration. This may be performed through the USB port (e.g., at a dealership or service bay) or over-the-air (OTA). Both mechanisms are integrated by the Device Management installer that manages a database of currently installed applications and system updates, their versions, etc. All updates are applied as signed packages. The signing policy is managed by the automaker.

For OTA updates, a DM client on the device communicates with Systems Management Server over SSL using an open XML-based protocol. Updates may be downloaded either over the user’s phone (using Bluetooth) or over the embedded phone. Either GPRS or CSD can be used for internet connectivity. When the user’s phone is employed, the client cleverly handles an extended download session across connectivity transitions as the user enters or leaves the vehicle. When the embedded phone is employed, downloads can be triggered remotely, even during key-off state.

USB Support

The system supports a USB host port for plugging in USB storage devices. This enables scenarios like media player and OS/application/language updates using a USB pen-drive or any USB storage-class device. The system also supports an internal (not exposed to user) USB device port which is used primarily for device image programming during manufacture and also used heavily during development stages for connecting to the device boards.

Power Management

Because the only source of power to the device is the vehicle battery, the system needs to be watchful of its power consumption to determine carefully when to step down usage by turning off functionality as necessary. The Power Management sub-system of WMfA enforces an OEM-specific policy to ensure use of power (battery) is rationed based on device usage mode (e.g., normal vs. diagnostic), car key state (key-on or key-off), and other environment conditions. Power management enables valuable scenarios like key-off services (e.g., unattended upgrade), ability to continue a phone call on the car audio system after key-off, ability to play media after key-off but stop after car door is opened, etc. It supports these while ensuring that the car battery is not drained. 

Speech Service

WMfA provides a speech-based user interface to the system. This is enabled by the Speech Service, which hosts a SAPI 5.0 compliant, high-performance speech recognition (SR) and text-to-speech (TTS) engine. The speech engines are interchangeable, which enables inexpensive support for several languages. The Speech Service provides a set of intuitive, high-level speech controls designed to enable rapid speech application development for non-SAPI experts. It also performs system-wide speech related bookkeeping and management services like managing the global grammar, arbitrating access to the speech token, etc.

Hands Free Phone Service

HFP Service enables the “hands-free” use of a mobile phone in the car. The service can use a user’s mobile phone paired over Bluetooth or an embedded phone module for the phone calls. Various features of phone call management (like digit dialing, dialing by name, conference calling, call-hold, etc.) are supported. The HFP Service works closely with a Pairing Service to manage contacts and phonebook synchronization (supported over AT commands, SyncML, and OBEX).

HFP support is provided mainly through an implementation of Bluetooth Hands Free Profile. The WMfA system is Bluetooth 1.2 Core Profile compatible and supports the following additional profiles:

1. Hands Free Profile 1.0

2. Dial-up Networking (DUN) Profile

3. Serial Port Profile (SPP)

Media Player Functionality
The Media Player application enables playback of music files from a USB mass storage device. The user interacts with the application through speech commands such as “Play,” “Stop,” “Pause,” etc. The following features are supported:

· The ability to render MP3, WMA, and WAV formats. (Can render with any DirectShow compatible filter)

· Playlists in m3u and wpl formats

· Voice-enabled media playback commands

· Support for USB pen drives or other USB storage-class devices

· Support for updates: Update the media player over-the-air or by visiting a dealership to enable playback of new audio formats.

Moreover, the application is factored so that the core media handling logic is independent of the Human-Machine Interface (HMI). This enables HMI customization (e.g., automaker branding) as well as core changes (e.g., indexing algorithm, rendering filters) to be relatively independent.

GPS Service

The GPS Service provides applications with location information. Both raw NMEA data and processed position fix information can be obtained, except for information about satellites. A Dead-reckoning (DR) system kicks in to complement the GPS system when the GPS signal is weak or unavailable (e.g., in an underground parking lot). The DR system calculates the position of the vehicle based on the last GPS position and vehicle motion information obtained from the CAN network.

The GPS Service helps enable location-based services, including scenarios like turn-by-turn navigation and fleet management. An externally-paired Bluetooth device can also query the system for GPS location, which allows this functionality to be extended to other handheld devices the user owns. GPS is also used as the primary source of time synchronization on the system.

Development Tools, Manuals, Training

Finally, WMfA includes the following development resources:

· Software Development Kit for third-party application development

· Automotive Adoption Kit to implement hardware changes or low level device drivers

· Extension of Platform Builder debug interface to access system variables and tracing

· Tools to configure CAN signal layer and speech optimization

· Tools for compliance testing and verification

· Documentation and training


Conclusion

As the leader in the development of software technology, Microsoft is committed to empowering people through great software at any time, any place, and on any device. The Microsoft Automotive Business Unit’s goal is to deliver adaptable, scalable platforms for connected devices that will enable and enhance applications and services that offer flexible solutions for customer needs in the automotive industry. 

To help automakers and suppliers address the growing demand for new generation in-car systems, the WMfA platform delivers benefits that address cost containment challenges, time-to-market issues, lifecycle enhancement concerns, and provides automotive-grade quality and reliability.

For more information, visit www.microsoft.com/windowsautomotive 

Appendix

Window Mobile for Automotive Platform Components
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This diagram shows the WMfA platform components. Working from the bottom upward, it shows the following:

Hardware provided by the Tier 1 Partner. Microsoft will specify the overall hardware architecture, but the Tier 1 Partner will design and produce the actual hardware used in the product.

HAL and Drivers are provided by both Microsoft and the Tier1 supplier. We expect that the Tier 1 Partner will write its drivers using Microsoft-provided examples as a starting point.

The Operating System is Windows CE based provided by Microsoft in a version that will follow the current Windows CE (5.0) available in the market today. Some of the other components in the diagram (Middleware and the Frameworks) are technically part of the operating system, but can be better understood when drawn as separate components.

Middleware components provide much of the “plumbing” for the automotive software platform. These components are provided by Microsoft, with the ability for Tier 1 or OEM extensions. Examples of Middleware created by Microsoft include a CAN stack, Bluetooth stack, phone application and media player engine, examples of where Microsoft has not yet invested but may in the future (depending on customer interest) include MOST and LIN. 
The Windows Application Framework is one of the most visible parts of the software platform: The APIs are exposed through class libraries allowing a large developer community to implement applications based on the Microsoft platform software.

Application Programs have been created by Microsoft in a way that the Human-Machine Interface is easily separable. For example, the Media Player is composed of both a media player core (support for a wide variety of codecs, standard functionality like play, pause, stop etc…) and the application HMI.

The HMI Framework facilitates the separation of the HMI portion of the application from the computational or processing portion. This allows the core of the application to be written once, while the user interface look and feel can be more easily customized. This also allows the core application to be updated (e.g. support for new media codecs) without requiring changes to the HMI (and visa-versa). The HMI Framework is actually part of the Windows Application Framework, but is separated for clarity in this discussion. The HMI framework enables UI designers to work independent of the software engineers and in parallel with software engineers, as it enables separation of UI design and the application logic.

The Application HMI is the portion of the application program that displays information on a screen or outputs content on via speech, and interacts with the user. This portion of the application can be easily changed without disturbing the underlying application program.

Not described are other components that make up the total system, including 

· Development tools provided by Microsoft, including the Software Developer’s Kit (SDK).

· Server-based functions that support device upgrade or other server based functionality to be defined.

About the Microsoft Automotive Business Unit 
Clearly understanding the challenges that confront an industry, as well as the opportunities those challenges represent, is a hallmark of Microsoft’s approach to solution design and engineering. Over the past decade, Microsoft has worked with automotive industry to advance cars into the digital age. At the forefront of these efforts is the Microsoft Automotive Business Unit (ABU), a multidisciplinary group composed of product developers and business leaders in Redmond, Washington; Detroit, Michigan; Tokyo, Japan; and Munich, Germany. The ABU works collaboratively with automakers, tier-one suppliers, systems integrators, and internal groups to deliver technologies that will enable automaker to deliver rich in-car experiences for drivers and passengers. 

As a leader in information and communications technology, Microsoft is well prepared to offer the automotive industry the software technology and tools it needs to develop a broad range of in-car solutions that address navigation, communication, information, and entertainment needs. Currently, Microsoft Windows-powered technology is enabling the in-car computing scenarios in 60 pre-installed, dealer option, and aftermarket devices from 18 world-class automakers and suppliers.
Microsoft, Windows, Windows Mobile, Windows Mobile for Automotive are either registered trademarks or trademarks of Microsoft Corporation in the United States and/or other countries.

Blue&Me is registered trademark of Fiat Auto Group. 

All other trademarks are property of their respective owners.
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Blue&Me™





The partnership between Fiat Auto and Microsoft Automotive Business Unit has produced “Blue&Me” an innovative solution based on Windows Mobile for Automotive that not only makes driving safer and more comfortable, but is revolutionizing standards of in-car communication, information, and entertainment. Blue&Me, which will be available exclusively on new and restyled models from the Fiat Group, uses an open, updatable system with modular contents that can be associated with new services in the future. The platform is compatible with the many popular mobile phones and digital music players available today. 





Safe and simple to use, Blue&Me includes a voice command system completely integrated with the steering controls and information display, which allows customers who own a Bluetooth mobile phone to use the device without having to take their hands off the wheel. The advanced voice recognition system immediately reads incoming SMS messages aloud, and users can listen to their favorite music, whether it is stored on their mobile phone, a smart phone, an MP3-player, or a USB pen-drive. A USB port located in the glove compartment allows users to connect any digital device fitted with an appropriate connection. 


�In the near future, Blue&Me will also offer a simple navigation system and access to a set of services such as a personal assistant, weather and traffic information, satellite positioning to deter and mitigate the effects of theft, an SOS service, and others currently under development. 
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