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Executive Summary 

The UK automotive sector is reportedly worth £40bn and represents 3.4% of the UK’s GDP. It 
contributes 9% of all UK exports and employs 850,000 directly and indirectly; the automotive 
components sector alone is worth £12bn and employs 150,000. As an emerging technology, the 
promise of wireless systems within the automotive sector is significant. It has the potential to 
deliver convenience and a host of benefits to vehicle users and vehicle manufacturers.  

The opportunities for wireless systems in the automotive sector can be attributed to the 
increasing roles played by electronics and computing within vehicles. The past four decades 
have witnessed an exponential increase in the number and sophistication of in-vehicle 
electronic systems. Automotive electronics currently has reached the point where the 
electronics in a typical vehicle now accounts for more than 23% of its manufacturing cost. 
Furthermore, recent industry comment highlights that more than 80% of automotive vehicle 
innovation now stems from electronics. 

Wireless technology applications can be classified into the following areas of use: 

• in-vehicle capability 
• mobile vehicle-to-vehicle capability 
• mobile vehicle-to-environment capability 
• stationary vehicle capability 

The broad areas of wireless technology opportunity are identified in the following table: 

Potential automotive applications of wireless technology 

Mobile vehicle-to-infrastructure In-vehicle 

Communications 
Moving-vehicle applications 
Traffic management 
Accident reporting 
Entertainment (passenger) 

Wire replacement 
On-board sensors 
Dashboard controls 
Communications link 
Remote sensor control 

Stationary vehicle Vehicle-to-vehicle 

Communications (external driver/passenger) 
Messaging 
Office/networking 
Entertainment (driver) 

Traffic management 
Accident reporting 
Lane assistance 
Vehicle instructions (convoy, hands-free driving etc.) 
Communications (driver/passenger) 
Car and object detection 

The emerging area of telematics dominates wireless applications and opportunities within the 
automotive sector. Telematics is ‘the wireless exchange or delivery of communication, 
information and other content between the automobile and/or its occupants and external 
sources.’ Currently in its infancy, telematics is at the start of an explosive growth cycle, 
according to a recent study published by the Telematics Research Group. They point out that 
while only 5% of current cars incorporate telematics systems,  it is forecast that by 2006 33% of 
new cars will incorporate some form of telematics. From 2000 to 2010, the number of 
telematics-enabled autos in use is projected to grow from 4 per 1,000 people to nearly 200 per 
1,000. 
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Aside from telematics, an increasing array of non-critical control functions is proliferating in 
modern cars. Currently, such features – typified by electric seat controls, infotainment systems, 
CD changers, power mirrors and sunroofs etc. – require individual control wires connected to 
the vehicle’s main wiring harness. The application of wireless technology as a convenient 
interconnection for such in-vehicle systems is plausible. Indeed, there is speculation that it holds 
significant future opportunities for wireless-technology developers.  

The development of the fully wireless networked car remains a dream, however. Current 
wireless technology is not robust enough to handle the volumes and the type of data necessary 
to ensure the safe running of a modern automobile. Aside from factors such as wireless security 
and bandwidth capability, the issues of data integrity and signal robustness are areas where the 
technology has yet to evolve sufficiently for the safety needs of the automotive sector.  

The wireless networking sector comprises a number of wireless communications standards and 
protocols with potential applicability in the handling of data within the automotive environment. 
Protocols and wireless standards providing varying degrees of data security and transmission 
speeds are already finding applications in handling automotive data both inside and outside the 
vehicle. The table below highlights a number of major wireless and cordless communications 
standards that have been identified as systems that have applicability to the needs of the 
automotive sector. 

Technology Now Short term Medium term Long term 

Cordless 

DECT X    

HiperLAN  X   

Bluetooth X    

HomeRF  X   

IrDA X    

Wireless 

GSM X    

UTMS   X  

GSM/GPRS X X   

Fourth generation services    X 

The automobile represents a unique and challenging environment. The success of a wireless 
technology ultimately depends on a number of factors that with foresight must be related to the 
application at hand. The table below highlights some of the strengths and weaknesses 
associated with a number of leading wireless standards. 

Globally, automotive manufacturers have to contend with environmental issues, including 
climate change, inefficient transportation systems and sustainable manufacturing. In this 
context, wireless technology holds promise as an enabler of in-vehicle and external applications 
that will reduce the environmental impact of motor-vehicle manufacture, use and disposal. One 
of the greatest potential benefits that wireless technology holds for the automotive sector is a 
reduction in the number of wires and physical interconnects within a car. Replacing wires with a 
wireless-interconnect system would have a number of potential advantages such as: 
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• reduced number of interconnects (wires) 
• reduced raw material usage 
• easier recycling 
• reduced vehicle weight and required wiring volume (space saving). 

Relative strengths and weaknesses of wireless connectivity technologies 

Advantages Disadvantages 

Bluetooth 

Strong industry backing 

Easy and convenient to use 

No line-of-site restrictions 

2.4-GHz radio frequency allows worldwide use 

Small, lightweight design 

Qualification program ensures that all Bluetooth 
products meet usability expectations 

An immature technology that needs to establish a 
market position 

High power consumption in first-generation devices 

May interfere with technologies using the same 
frequency band 

Questions over security 

Compliance issues within certain countries 

802.11b   

Provides highest bandwidth of all current wireless 
standards 

Fast and reliable connection at speeds of 11Mbs 

High levels of encryption 

Relatively expensive and heavy 

Focussed on the corporate space, so does not 
have the potential scope of Bluetooth 

IrDA  

Established technology 

Wide range of supported hardware and software 

High data rates (currently 4 Mbps, 16 Mbps under 
development) 

Will not interfere with radio frequency-based 
technologies 

Requires direct line of sight 

Has the lowest range of wireless standards 

Difficult to use – requires significant user input 

HomeRF 

Can support up to 127 devices 

Provides four voice channels in addition to a 1-5 
Mbps data channel 

Key proponents of the technology, including 
Microsoft, are shifting focus toward other 
solutions 

May interfere with technologies using the same 
frequency band 

HiperLAN2 

Approved for the European 5-GHz spectrum 

The fastest wireless technology, with speeds of 
up to 54 Mbps 

Relatively low industry backing 

 

Telematics and wireless interconnectivity are clearly technologies whose time is coming. The 
growth in in-vehicle electronics, computing power and networking will demand connection to the 
wider world through some form of wireless communications medium; the mobile nature of the 
car make this inevitable. Wireless and computing technology are rapid evolvers and it is evident 
that they, along with electronics in general, will play an increasing role in future automotive 
vehicle design.  
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1.0 The Potential of Wireless Automotive Systems 

The automotive industry is one of the largest industries in Europe and a significant provider of 
wealth and jobs. In the last five years the European automotive industry as a whole has grown 
some 40%, showing double the growth rate achieved by the total remaining European 
manufacturing sector. Within the UK the automotive sector is reportedly worth £40bn and 
represents 3.4% of the UK’s GDP. Significantly, it contributes 9% of all UK exports and employs 
850,000 directly and indirectly; the automotive-components sector alone is worth £12bn and 
employs 150,000.1 

It is recognised by market analysts and industry bodies alike that wealth creation in the 
automotive sector can be increased by developing innovation processes that deliver the exciting 
products demanded by global consumers. It is anticipated that such approaches to innovation 
will firstly require the introduction and adoption of world-class processes in design and 
manufacturing by both vehicle manufacturers and their suppliers, and secondly, the exploration 
and adoption of new technologies and technology synergies to drive product innovation. 

As an emerging technology, the promise of wireless systems within the automotive sector is 
significant. It has the potential to deliver greater convenience and a whole host of benefits to 
vehicle users and vehicle manufacturers. Wireless technology can be, and has been, applied in 
the automotive sector to satisfy several entertainment and communications requirements. 
Wireless technology is above all an enabler and as such offers vehicle manufacturers the 
opportunity to employ it in several distinct roles. Such applications already cover radio and 
mobile communications applications, and are expected to expand to cover mobile 
entertainment, mobile data processing and communications with an intelligent transport 
infrastructure for features such as advanced navigation and traffic monitoring. 

Understandably, the broad scope and potential of wireless systems as an enabler has led to 
some confusion, most certainly within the consumer arena, over the true promise of wireless 
technology. Particular confusion exists over just where – inside or outside vehicles – it will find 
its greatest application and which of the many wireless standards will find their calling in the 
automotive environment. 

This report firstly details the potential application areas for wireless technology within the 
automotive sector. It presents forecast reviews of the direction of key developments within the 
motor-vehicle industry that are deemed to have the most relevance to the adoption of wireless 
technology in the short to medium term. The report goes on to address the functionality and 
subsystem requirements for future automotive wireless systems. It identifies and assesses a 
number of potential wireless protocols as candidates for automotive applications in terms of 
their ability to deliver the functionality anticipated for future needs. Finally, the report details a 
number of the key environmental issues surrounding the automotive sector today and the 
potential for improved environmental performance that may be achieved by adopting innovative 
wireless solutions. 

1.1 Automotive Innovation 

The automotive industry is going through an unprecedented transition. The desire to improve 
wealth and generate profit motivates the industry to seek continually to innovate and 
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differentiate. The industry as a whole is experiencing the effects of changing global economic 
conditions, which are forcing manufacturers within the sector to consolidate and co-operate.  

In the area of innovation, automotive manufacturers are continually seeking ways to improve 
their competitiveness in terms of vehicle quality, lower production costs, better design and 
shorter development cycles. In so doing, manufacturers are increasingly turning to the 
application of new technologies to improve upon vehicle features such as quality, performance, 
aesthetics and comfort and to differentiate their products from those of their rivals. 

1.2 Innovation Drivers for Wireless Applications 

The opportunity for the application of wireless systems in the automotive sector can be 
attributed to the increasing role played by electronics and computing within vehicles. The past 
four decades have witnessed a rapid increase in the number and sophistication of electronic 
systems within vehicles. Successive generations of vehicles have contained a greater and 
greater array of electrical and electronic systems designed to increase driver comfort, 
convenience and safety. This development in automotive electronics has reached the point 
where the cost of electronics in a typical vehicles now accounts for more than 23% of its 
manufacturing cost.2 Automotive manufacturers and market analysts are aware of the significant 
role that electronics and computing now play in the area of innovation and product 
differentiation. Manufacturers recognise that more than 80% of automotive vehicle innovations 
now stem from developments related to their electronic and in-vehicle electrical systems.  

1.3 Innovation Drivers 

Influences outside of the automotive sector have the greatest effect on the nature of innovation 
and developments within the industry. Nations are struggling with issues such as traffic 
congestion, a rising incidence of traffic accidents and environmental pollution. Increasingly they 
are seeking to address these issues through increased regulation of the automotive sector.  

The bodies responsible for regulating the automotive sector also recognise the importance of 
the sector to regional and national economies and ultimately to the global economy. Thus, whilst 
long-term polices are being formulated, particularly in the European Union, to discourage private 
vehicle use through improved public transportation and increased vehicle-ownership costs, 
policy makers are also keen to encourage the uptake of new technologies by vehicle 
manufacturers. 

The development and adoption of innovative vehicle technologies is seen as key to addressing 
the current limitations of vehicles and their impact on the environment. Thus, regulators are 
keen to see technologies employed that improve vehicle efficiency – by saving fuel and 
reducing emissions – and enable improved traffic control for congestion relief and journey 
reduction. 

Wider developments, outside the automotive sector, relate to changing attitudes and social 
developments within the automotive customer base. From a social perspective lifestyle changes 
have meant that generally people are using their cars more often and spending more time in 
their vehicles. These changing lifestyles are redefining the way people use and relate to their 
cars, placing more emphasis on comfort and less on the car as a means of getting from A to B. 
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Importantly, the growth of the Internet has affected many industries, automotive included, 
impacting on supply-chain relationships and establishing new routes of communications 
between those in the supply chain, manufacturers and customers. Just as importantly it can be 
argued that the premise of the Internet has served to radically change public attitudes towards 
technology, in particular the convenience of single-point accessibility to information and 
services. At the same time the explosive growth of communications technology in the form of 
mobile phones and laptops has also served to generate an environment and a wider 
expectation for mobile, anytime, anywhere services. 

The combined effect of these social and technological developments is the expectation of such 
convenience within forthcoming generations of motor vehicles – the expectation that, at a 
minimum, drivers and vehicle passengers will want to utilise communications technology in a 
safe manner within the convenience of their vehicles, whilst stationary or on the move, in any 
location. Overall, the demands of differentiation, regulation and changing vehicle-user 
requirements are spurring increased interest and innovation in the use of electronic and 
electrical control systems to drive and enhance mechanical advances in automotive 
engineering. The increasing application of new technologies within vehicles is seen as essential 
to meet the requirements of advancing vehicle efficiency, vehicle safety, traffic management 
and driver convenience and comfort. 

1.3.1 THE VEHICLE AS A NETWORKED ENVIRONMENT 

The response of vehicle manufacturers, electronic engineers and transport researchers is 
unanimous. In the short term we will witness an evolution in vehicle electrical and electronic 
systems that will take them away from being discrete unconnected systems to fully networked 
and modularised entities. This move is already well under way with the development of in-
vehicle networks such as CAN and SAE J1850. What is next envisaged is the final connection 
between the vehicle and a suitable external infrastructure and the birth of what has been 
variously called the ‘digital’, ‘wired’, ‘connected’ or ‘networked’ car.  

The networking of the motor vehicle – giving it access to an established communications 
infrastructure – will see the delivery of both voice- and data-based services to car users. This is 
seen as the main challenge and big opportunity for vehicle manufacturers. Alliances are already 
evident and well established in some cases between vehicle manufacturers, mobile network 
operators and mobile application developers. But it is clear that new business models and new 
alliances will have to come into being to enable the expected infrastructure to develop.  

Wireless is viewed by many as being the main enabler of the fully networked motor vehicle.3 
Intelligent wireless systems for automotive applications, in the form of computer-based mobile 
services and information (MSI) products, are already available. They include technologies such 
as in-vehicle navigation, Mayday services and emergency roadside assistance and other 
convenience-enhancing applications for en-route travellers. What is clear is that the promise of 
connected, intelligent, in-vehicle electronics holds the same opportunity for communications, 
convenience and commerce as that of the early Internet-enabled personal computer. The effect 
of placing in the vehicle the technology to enable it to link seamlessly to a communication 
infrastructure, such as that used for mobile phones, offers vehicle manufacturers, drivers, 
mobile-network service providers and applications developers an unprecedented opportunity for 
innovation and, of course, profit.  
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Over the next five to ten years the number and variety of in-vehicle computer-based applications 
will escalate dramatically.4 Next-generation products, containing advanced driver assistance 
(DA) systems, such as adaptive cruise control and curve warning capabilities, are already 
available in world markets within prototypes and top-of-the range vehicles.  

1.4 Old and New Automotive Wireless Applications 

The application of wireless technology, in its various forms within vehicles is by no means new. 
Automotive systems engineers are already engaged in evaluating many different types of 
advanced wireless technologies for inclusion in their future vehicle models. Driven by the 
profound success of cellular and related mobile consumer devices, information access and 
convenience are viewed as key to providing new consumer value within the automotive sector.  

One of the major issues facing the sector is not whether to use wireless technology within 
vehicles, but rather what protocols to adopt and to what level the convenience of wireless 
technology can be safely applied to communications and interconnection requirements. In the 
coming years, it is envisaged that auto manufacturers will include some or all of the old and new 
wireless communications systems listed in Table 1 in their various models. RF engineers, 
wireless system designers and wireless communications experts will all play a key role in the 
development and integration of these applications into new vehicles. 

1.5 Classifying the Areas of Wires Opportunity 

Within the context of a greater number and variety of vehicle systems, the opportunity for 
wireless technology is manifold. Literature would suggest that wireless technology will have to 
address a number of ‘modes of use’. In principle these can also serve to classify and define 
some of the areas for wireless-systems capability. Anticipated modes of use are these: in-
vehicle, mobile vehicle-to-vehicle, mobile vehicle-to-environment and stationary vehicle. 

Table 1 Existing and new wireless communications links  

Existing and New Telematics Wireless Communications Links  

Name Frequency Description Comments 
AM and FM 
radio 

540 – 1680 kHz 
88 – 108 MHz 
(Worldwide) 
(Rx Only) 

Broadcast audio, AM used primarily 
for talk radio and live sporting events, 
FM for in-car music entertainment 

AM radio was the original 
‘wireless application’, will always 
be standard equipment 

Analogue 
cellular 
telephone 

824 – 894 MHz 
(North America) 

AMPS is the original analogue cellular 
standard, used today as backup 
system in areas where PCS is not 
available 

With roadside safety being a 
consumer demand, OEMs 
consider AMPS as basic 
minimum coverage  

Digital cellular 
telephone 

890 – 960 MHz 
(Europe) 

GSM is the main mobile phone 
standard in Europe today 

Will be basic minimum for 
European telematics-equipped 
cars 

Global 
Positioning 
System 

1575 MHz 
(Worldwide) 
(Rx Only) 

GPS is a satellite-based position 
location system, providing current 
vehicle latitude, longitude, altitude and 
speed 

Fundamental to any location-
based auto safety service or 
navigation/street mapping 
system 
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Digital PCS/3G 
telephone 

1850 – 1990 MHz 
(North America PCS) 
1885 – 2025 MHz 
(Japanese and 
European 3G) 

CDMA, TDMA, and GSM are the three 
main North American PCS standards. 
W-CMDA and CDMA2000 will be the 
worldwide 3G standards. (U.S. 3G 
operating frequencies still to be 
defined by FCC) 

PCS and European GSM 
referred to as 2G, now 
implementing 2.5G today for 
digital data phone service. First 
3G services will be in Japan 
starting in Fall 2001. 

Digital Satellite 
Audio Radio 
System 

2.32 – 2.345 GHz 
(U.S.) 
(Rx Only) 

DSARS is a new radio system based 
on a satellite link; will provide 
nationwide radio service by 
subscription 

Modelled after PPV TV, 
$10/month subscription for 
nationwide, commercial-free 
radio coverage 

Wireless Local 
Area Networks 

2.40 – 2.497 GHz 
(Worldwide) 

802.11b is the main standard for 
Wireless Local Area Networks 
(WLANs) 

802.11b would be for high data 
rate connection to an on-board 
computer 

High data rate 
WLAN 

5.15 – 5.35, 5.725 – 
5.875 GHz 
(Worldwide, varying 
regional power 
requirements) 

802.11a is a new WLAN standard in 
the new U-NII 5-GHz frequency band. 
HiperLAN 2 is the approved European 
standard 

Capable of providing up to 54 
Mbps, it is a high data rate 
extension to the 2.4-GHz 
standards 

Dedicated 
Short Range 
Services 

5.85 – 5.925 GHz 
(U.S.) 

Developed by the US Department of 
Transportation, DSRC will be part of 
the DOT’s Intelligent Transportation 
System (ITS)  

Will be used for such 
applications as real-time traffic 
congestion information as well 
as wireless toll both collection 

Collision 
Avoidance 
Systems 

76 – 77 GHz 
(Worldwide) 

Type of low power Radar system, 
capable of detecting and tracking 
objects and other vehicles 

Warns drivers of hidden objects 
in close proximity when backing 
the vehicle, as well as working 
with Adaptive Cruise Control 
Systems  

Forward 
Imaging 
Sensors 

Infrared Light 
Visible Light 
(Worldwide) 
(Rx Only) 

Separate sensors provide both visible 
and infrared forward image sensing 
capability  

Infrared systems allow faster 
night-time recognition of people 
or animals in the road ahead; 
visible systems detect/track 
travel lanes, also part of 
Adaptive Cruise Control 
Systems 

Source: Future Telematics Applications5 

In this way, it is possible to divide applications for wireless systems broadly in two. Firstly, there 
is a range of capabilities based on wireless technology as a communications medium, 
principally in the role of connecting the vehicle to its external environment. This role will involve 
the two-way exchange of data and voice services between the driver, vehicle passengers and 
an external source. Such a source may be another vehicle or a service provider connected to a 
mobile-communications infrastructure. The scope of applications and capabilities in this area, 
which is in effect the extension of wireless convenience for the driver into the vehicle 
environment, holds huge potential. 

Secondly, an additional subset of applications is based on in-vehicle interconnection and 
sensing requirements. The greater number of sophisticated in-vehicle systems will require a 
greater proportion of sensors and related control systems mounted in areas of the vehicle that 
may pose a challenge for conventional wiring. Thus, safety permitting, the adoption of a wireless 
technology for the exchange of data between such in-vehicle systems is also an area of 
opportunity for vehicle manufacturers to add functionality and capability to their vehicles without 
having to incur the costs of incorporating additional wiring. In effect, this amounts to delivering 
wireless convenience to the vehicle manufacturer. 
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Assessment of research and literature has identified several projected opportunities for wireless 
systems, which are outlined in Table 2 below. These applications are classified into the 
established modes of use and a number of them will be discussed further in chapter 3. 

Table 2 Typical opportunities for wireless capabilities 

Potential applications of wireless technology 
Mobile vehicle-to-infrastructure In-vehicle 

Communications 
Moving vehicle applications 
Traffic management 
Accident reporting 
Entertainment (passenger) 

Wire replacement 
On-board sensors 
Dashboard controls 
Communications link 
Remote sensor control 

Stationary vehicle Vehicle-to-vehicle 
Communications (external driver/passenger) 
Messaging 
Office/networking 
Entertainment (driver) 

Traffic management 
Accident reporting 
Lane assistance 
Vehicle instructions (convoy, hands free driving etc.) 
Communications (driver/passenger) 
Car and object detection 

Source: PERA 

1.6 Informative Wireless  

Wireless technology will be informative. Given the varied applications speculated upon, it’s role 
in future vehicles will be varied. Current services include the provision of radio entertainment 
and voice communications through current radio broadcasting and cellular networks. Emerging 
and future applications will revolve around the provision of data to support services such as in-
car email delivery, navigation services and traffic reporting. As the platforms for data delivery to 
vehicles solidify, it is anticipated that greater bandwidth and data-delivery capacity will lead to 
more real-time services such as accident reporting and active route navigation – services 
already used by vehicle-fleet operators over private networks and satellite links. If widely 
available in private vehicles, such technology could improve the overall efficiency of 
overstretched metropolitan transportation networks substantially by providing information on 
traffic flow and incidents. Information of this kind is increasingly valuable to drivers as they seek 
to avoid delays and also to traffic planners as they seek to improve traffic flow. 6 

1.7 Convenient Integration 

Consumer demand for wireless technologies is considered insatiable. However, considering all 
the technological achievements of the 20th century, wireless communications devices are still in 
their infancy in terms of market development. New consumer devices come to market each 
month. Each has its benefits; not all will be widely adopted. Still the wireless market in general is 
growing profoundly, with market projections for more that 500 million wireless devices for voice 
or data communications being sold worldwide each year. This translates to 1 out of every 10 
people on the planet buying some kind of wireless device every year.7 
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Likewise, there is also increasing demand from mobile professionals, contractors and fleet 
operators to improve their productivity while away from their desks. As a result, drivers currently 
contend with several independent systems in their vehicles (cellular telephone, pager, mobile 
computing devices, GPS receiver, navigation system …). New wireless-enabled in-vehicle 
computing devices promise to integrate these applications into a single unit, resulting in lower 
overall cost for hardware and a single safe interface better suited to the task of driving and 
improving safety. 

1.8 Wireless Interconnections 

As vehicle manufacturers seek to address the issue of driver safety and security, increased on-
board electronics is leading to vehicles with increasingly complex and expensive wiring 
systems. Such wiring, in the form of harnesses, also has negative environmental connotations, 
not least because it utilises a significant amount of valuable raw materials and is difficult to 
recycle.8 Inevitably, the increasing array of sensors to monitor and control in-vehicle activities 
and variables – such as engine management, combustion, brake and powertrain events, tyre-
pressure and temperature monitoring, anti-collision warning and skid avoidance – demand 
enhanced interconnectivity. At the system and sub-system levels, this will require the integration 
of sensors and control devices dispersed throughout the vehicle and their connection to in-
vehicle computing and display devices. 

In the main, manufacturers are addressing the wiring and interconnection issue by developing 
and adopting in-vehicle networking standards that enable them to reduce wire usage and build 
a significant element of modularization into their vehicles. Such standards enable the control of 
a wide range of in-vehicle systems by as few as four wires, communicating a mixture of 
prioritised data and carrying power. Wireless interconnect holds the potential to add another 
level of interconnect capability in future in-vehicle networks. Such capability is expected to 
emerge in the wireless capture of data and interconnection of a range of non-critical vehicle 
functions such as the control of electric seats, electric wing mirrors, sunroofs etc. 
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2.0 Future Automotive Systems  

To develop an informed opinion of developments in the automotive sector, particularly those 
that will impact on the opportunity for wireless systems, automotive technology roadmaps were 
examined to identify the major areas of automotive innovation and to uncover some of the 
technology predictions of organisations best placed to separate the inevitable hype and ‘pie-in-
the-sky’ predictions from real automotive technology developments. Several roadmaps highlight 
the future development of technologies that will be enabled and enhanced by wireless 
interconnectivity and communications systems in vehicles over the short and long term. 

2.1 What is Roadmapping? 

Technology roadmapping is a technique used widely in industry to support strategic planning. 
Roadmaps generally take the form of multi-layered time-based charts linking technology 
developments, changing consumer demands and legislation expansion to future product and 
market requirements. The approach is widely used both by commercial organisations seeking to 
understand the markets in which they operate and by government and industrial groups to 
envisage future market demands and developments. A good explanation of the scale and 
usefulness of roadmapping is expressed in the following quote from Robert J. Galvin, former 
Chairman and CEO of Motorola: 

‘A roadmap is an extended look at the future of a chosen field of inquiry composed from 
the collective knowledge and imagination of the brightest drivers of change in that 
field…Roadmaps communicate visions, attract resources from business and 
government, stimulate investigations and monitor progress. They become the inventory 
of possibilities for a particular field …’9 

Roadmapping can address key areas such as new competitive threats, changing customer 
expectations, declining or restructured markets, globalisation issues, R&D investment and a 
confusing technology pipeline. All of the above issues are highly applicable to the automotive 
sector. 

2.2 Automotive Roadmaps  

Within the automotive arena it is clear that there will be a number of areas of development that 
will have an impact on the opportunity for the uptake of wireless technologies. As with the 
developments seen in recent decades with the growth of the Internet, there is speculation that 
the developments that will have the greatest effect on the automotive sector will arise outside of 
the traditional automotive sphere. Developments in areas such as electronics, computers, 
semiconductors and related systems will raise the complex issue of technology convergence. 
Also, as user demands, technology developments, regulations and manufacturing requirements 
converge, these forces will require vehicle manufacturers to use new technologies to deliver 
improved value to their customers. The factors enumerated in Table 2 are a summation of the 
key challenges and R&D issues facing manufacturers as they seek to define future vehicle 
requirements. These factors are only the tip of an iceberg of issues impacting on the automotive 
sector, however. In response to the above, automotive manufacturers, industry groups, 
government agencies, and parties concerned with the development of the automotive sector 
have responded by speculating upon the future shape and direction of the automotive industry. 
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Table 3 Key challenges facing vehicle manufacturers 

Key challenges facing vehicle manufacturers 
Market drivers Technology drivers Regulation drivers 

Globalisation of vehicle 
manufacturing 

Increased competition 

Changing consumer demands 
and expectations 

Explosive growth in vehicle 
electronics and sensors 

Growth in telematics 

Development of 42-volt power 
systems 

In-vehicle networks 

Congestion reduction 

Vehicle recycling 

Emission reduction 

Accident reduction 

Research has revealed that within the automotive sector there are a number of established 
roadmaps that provide an indication of the short-, medium and long term developments and 
opportunities expected within the sector. The roadmaps touch on several areas and expected 
developments likely to impact on vehicle construction, design and technology development – 
developments that will directly and indirectly enhance the opportunity for wireless applications, 
systems and subsystems. Clear trends or relevance to wireless are evident in a number of 
developments forecast for the automotive sector. These have been taken as the framework for 
the discussion on developments of relevance to wireless. They are telematics, general 
electronics, microsystems technology and entertainment. 

2.3 Foresight Vehicle Technology Roadmapping 

One of the most influential vehicle technology roadmaps for the UK automotive sector is likely to 
be the roadmap established by the Foresight Vehicle initiative. The Foresight Vehicle 
programme is using the roadmapping technique to identify areas of future vehicle research and 
emerging consumer and technology priorities to drive current strategic development plans for 
road vehicles. Activity on the development of the roadmap began late in 2001 and was 
completed in 2002.10 It resulted in the establishment of research and technology development 
needs going into the future. 

Contributing to the Foresight Vehicle roadmap were several Foresight Vehicle technology 
groups One such was the FASMAT group, whose remit covered advanced structures and 
materials.11 During the roadmapping process, it developed a brief summary of industry 
considerations and technical requirements based on a near-term appreciation of the market 
sector, used to elaborate a vision for vehicles in 2010. This work identified a number of 
universal factors, translated into market pressures that are indicative of the broad drivers 
affecting the automotive sector. They are globalisation and global over-capacity, product 
differentiation, legislation and environmental pressures, niche marketing and congestion 
reduction. 

2.3.1 GLOBALISATION AND GLOBAL OVER-CAPACITY 

Vehicle sales and manufacture are becoming increasingly global. Vehicle manufacturers and 
their suppliers will have to be capable of competing in all global areas. Broadly speaking, the 
technical and commercial pressures in these areas will be similar, though they may move at 
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different rates. This will continue to result in mergers and collaborative arrangements across 
global regions and within and across supply chains. 

Figure 1 Foresight vehicle technology roadmap – architecture 

 

Source: Foresight Roadmap12 

Considerable global over capacity continues to exist in the vehicle industry, and it will grow. At 
the end of 2001, it was believed that the industry was able to make 27% more vehicles than it 
could sell. Some of this capacity comes from new entrants and some comes from additional 
capacity being installed in export territories with no reduction in capacity in the home territory 
previously supplying the exports. This over capacity will result in tremendous cost pressures 
being placed on vehicle manufacturers. Such pressures have already resulted in consolidation 
and factory closures affecting the global car industry. These trends look set to continue. 

2.3.2 PRODUCT DIFFERENTIATION 

To achieve economies of scale, vehicle manufacturers increasingly seek to make essentially the 
same car appear in many different guises by use of the platform concept. Within these platforms 
vehicle manufacturers will strive to differentiate brands as much as possible, whilst seeking to 
adopt methodologies that allow them to undertake a more modular approach to vehicle 
construction. In the area of modularisation it is becoming clearer that significant differentiation of 
vehicles can be achieved through developments in in-vehicle electronics and electrical systems. 
Such developments include in-vehicle networks that enable manufacturers to develop a modular 
approach to the vast majority of electronic systems incorporated within their vehicles.  

Thus, an increase in differentiation activities is anticipated to encompass the incorporation of 
new safety and convenience features in cars, such as intelligent entry and starting. A greater 
number of safety sensors, such as for tyre pressure and temperature and intelligent airbags, are 
also anticipated alongside greater vehicle intelligence in the act of driving itself, with improved 

 Prime Faraday Technology Watch – May 2003 13 
 



Wireless Applications for Automotive Products 
 

skid control and collision-avoidance systems. Finally, the provision of a greater range of 
information to drivers, through drivers’ own mobile communications devices, PDAs and mobile 
phones, along with in-built car communications systems, are expected to be significant areas of 
development in the short and medium terms.  

2.3.3 LEGISLATION AND ENVIRONMENTAL PRESSURES 

Legislative requirements for safety, emissions, recycling and manufacturing emissions, and 
economic pressures on fuel consumption, will set increasingly conflicting technical targets for 
vehicle designers, restricting the engineering options for new vehicles. In Europe and other 
areas, vehicle recycling will become increasingly important through voluntary codes of practice, 
landfill taxes or legislation. It seems likely that vehicle manufacturers will tend to use a wider 
range of materials in vehicle structures in order to meet increasing technical challenges. This 
will inevitably create a waste stream more difficult to recycle at the end of the vehicle’s life. In 
Europe, vehicle manufacturers will have to return no more than 10% of the vehicle mass to 
landfill by 2002 and no more than 5% by 2015, which is likely to require the ability to re-use 
recovered materials in the vehicle. The environmental requirements for vehicles will be 
discussed further in chapter 4. 

The European Union is embarking upon a programme to continue the Europe-wide downward 
trend in road deaths. In doing so they are actively encouraging vehicle manufacturers to 
incorporate greater levels of security and safety into vehicles. On the issue of congestion, the 
EU is also tasking automotive companies with part of the challenge to mitigate the levels of jams 
and accidents, which currently cost billions of euros in delayed transport of goods. 

2.3.4 NICHE MARKETING 

Niche markets such as those for people carriers, sports cars, off-road vehicles, will continue to 
exist as manufacturers attempt to provide variety for the car-buying public. Time to market, 
profitability at low volumes, design skills specific to the niche and brand equity will be the keys 
to success in niches. 

2.3.5 CONGESTION REDUCTION 

Urban congestion, both in terms of traffic flow and parking, and public pressure for mass-transit 
systems will continue to grow. As a means of transport, the car will offer increasingly less to the 
customer. Considerable pressure will fall on vehicle manufacturers to improve the cost-benefit 
position of vehicle ownership by providing information for route guidance and intermodal 
transport, making both in-vehicle entertainment and working from within the vehicle possible. 

2.4 A Roadmap for Microsystem Applications 

Microsystem technology forms the basis for the development of in-vehicle electronics. Much as 
advances in memory chips and processors have improved the computing industry, an emerging 
generation of silicon-based smart sensors will benefit the automotive sector. Such sensors will 
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find applications in monitoring vital areas of a vehicle’s performance that are not open to 
monitoring by current sensing technologies. These could include tyres pressure and tire 
temperature as well as the combustion process and its by-products. Such technologies will play 
a vital role in enabling vehicle designers to monitor and optimise their vehicle’s performance 
continuously for improved fuel efficiency and reduced driving costs. 

The most prominent trends in automotive microsystem applications arising from the NEXUS 
microsystem (MST) roadmap for automotive applications13 are: 

• the demand for increased safety, quality and reliability 
• better economy of operation 
• more comfort and driver fun 
• compliance with increasingly severe environmental requirements. 

The classification scheme used in establishing the NEXUS roadmap is given in Table 4. There 
are five functional areas into which MST applications have been separated. It is recognised that 
the definition of category factors is arbitrary as a manufacturer may classify technologies such 
as automatic cruise control as comfort, convenience or active safety. The areas are: 

• powertrain management 
• comfort, convenience, security 
• chassis/body control 
• safety 
• information, communication, entertainment. 

The NEXUS roadmap provides a particular focus on powertrain management and safety since it 
is anticipated that this vital area offers the greatest opportunity for industrial microelectronics 
and microsystems.  

2.4.1 TRENDS IN POWERTRAIN MANAGEMENT 

Improved engine performance, reduced emission levels and reduced fuel consumption require 
continuous monitoring and control of fuel supply and engine state variables. New control 
schemes for such applications may include: 

• individual cylinder control and timing 
• electronic/electro-hydraulic adaptive valve actuation (replacing camshaft actuation) 
• common-rail direct injection 
• micro-nozzles for improved injection 

Other trends in powertrain control systems include: 

• higher levels of integration to reduce size and weight of electronic control components 
• increased functionality, memory and processing capacities, in particular to handle increased 

scope (air, fuel and ignition management) 
• greater use of silicon-based sensors with integrated signal processing 
• direct integration of sensing and processing into the engine (e.g. manifold absolute pressure 

(MAP), mass air flow rate (MAF), temperature and engine control all in a single module) 
• higher integration of functions, e.g. combined closed-loop control of engine and 

transmission. 
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Table 4 Classification of in-vehicle 

microsystems applications  
 Safety 

Passive 
safety: 
restraint 
systems 

Acceleration 
Roll over 
Occupant detection/monitoring 
Pre-crash detection 
Airbag ignition 
Airbag mass flow rate 

Active safety Distance sensors 
- adaptive cruise control 
- collision warning 
- object avoidance 
Blind spot monitoring 
Night vision 
Vision enhancement 

 
Comfort, convenience, security 
 Seat memory/power seats 

Climate control 
Electric windows 
Automated wipers 
Rain/water/ice detection 
Electro chrome/adaptive mirrors 
Adaptive headlights 
Anti-theft systems 
Keyless entry systems 
Immobilisers 
Car alarms 
Parking aid 

 
Powertrain management 

Engine 
control 

Manifold air pressure 
Air mass flow 
Air temperature 
Combustion: cylinder pressure, 
ionisation, knock 
Oil pressure 
Coolant temperature 
Oil quality 
Coolant quality 
Engine torque 
Fuel temperature 
Fuel quality 
Crankshaft/timing/speed/position 
Throttle position 
Accelerator pedal position 
Exhaust gases 
Egr rate 
Liquid level (oil, fuel, coolant) 
Micro injection nozzles 

Transmission 
control 

Gearbox speed 
Oil pressure 
Gear selector position 
Oil quality 
Road speed 
Oil liquid level 
Gear tooth sensor 

 
Information, communication, entertainment 
 Auto radio 

Navigation system 
Electronic displays 
Vehicle network 
Wiring harness 
Vehicle interface 

 
Chassis/body control 

Brakes  Antilock Brakes
Brake Wear 
Brake Fluid Quality 
Brake Fluid Pressure 
Brake Fluid Level 
Anti-Spin Traction Control (Electronic 
Stability) 
- Angular Rate 

Suspensions  Tire Pressure
Active Body Control 
- Acceleration 
- Shock Absorber Position 

Steering Steering Wheel Position 
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The trends in powertrain management are illustrated below in Figure 2. 

Figure 2 Development trends in powertrain management 

 

Source: Nexus 

The proliferation of in-car sensors presents a challenge to existing car-harness systems. They 
are already highly complex pieces of equipment. The development of hard-wired in-vehicle 
networks, built using modular networking principles, will significantly reduce the wiring challenge 
in the short term. However, the trend towards increasing usage of automotive sensors looks set 
to continue. Along with the placement of sensors in inhospitable conditions, such as tyres and 
engines, this will make it attractive for manufacturers to consider the potential and economics of 
wireless solutions to handle interconnection requirements.  

2.5 Vehicle Electronics and Electrical Systems Roadmaps 

Automotive analysts and researchers comment that 80–90% of all forthcoming innovations 
within vehicles will be derived from electronic systems and that the current cost of electronics in 
commercial vehicles can amount to over 23% of their manufacturing costs. The global 
automotive market for electronic systems is experiencing a number of trends – social 
demographic, technology, business, political, economic and environmental – affecting the 
automotive sector.14 

• Social demographic issues include longer life expectancy, generational preferences (such 
as that of generation-X for cell phones and Internet access), growing population centres, 
increased global automobile demand and social and economic infrastructures. 

• Technology and business factors include the current explosion of computer technology, 
communications and technology developments in consumer electronics, and the move 
towards after-sales services as money makers and differentiators. 
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• Political and economic trends that must be considered are globalisation of the automotive 
industry (engineering, manufacturing and sourcing), shortening of product life cycles and 
new competitors from other electronics markets. 

• Environmental issues concerning the automobile are many. Reduced pollution into the 
environment during manufacture and operation, use of energy-saving recycled materials in 
the manufacture of new products, recycling of electronic products at end of their useful life 
are a few of the major issues. 

The expectations of the marketplace are many. First and foremost the market expects improved 
quality, higher functionality and lower costs. Minimum size, mass and volume will become major 
market discriminators for electronic systems. As they are miniaturised, power and management 
design issues become harder to solve. Producibility, manufacturability and testability will 
become significant challenges. 

Increasingly computer power, processing speed and software will play important roles in vehicle 
electronics. The observation has been made that the power and speed of automotive computers 
will approach those of office computers, possibly requiring a move to 200 MHz processor 
systems, similar to top-end notebook PCs. Software will become orders of magnitude more 
complex.  

Semiconductor technology is being driven in the automotive sector by the increasing complexity 
of engine controllers and management systems. It is expected that software requirements will 
grow significantly in this one area and that by 2005 up to 8Mb of memory will be required for 
engine management systems. This compares to an anticipated 128Mb for in-car entertainment 
systems.15 

2.5.1 ELECTRONIC SYSTEMS IMPLICATIONS 

The growth of electronic systems has had wide-reaching implications for vehicle engineering. 
For example, today’s high-end vehicles may have 4-5 kilometres of wiring compared to just 45 
metres in vehicles in the 1950s. In July 1969, Apollo 11 employed a little more than 150 Kbytes 
of on-board memory to go to the moon and back. Just 30 years later a family car will use 
somewhere in the region of 500 Kbytes to keep the CD player from skipping tracks.16  

In the past, wiring was the standard means of connecting one element to another. However, the 
use of more and more discrete wiring has hit a technological wall. Added wiring increases 
vehicle weight. For a well tuned vehicle, every extra 50 kg of wiring – or extra 100 W of power, 
increases fuel consumption by 0.2 litres for each 100 km travelled.17 Such statistics highlight the 
revolution in functionality that increasingly robust electronics is having on vehicle engineering. It 
is not difficult to spot the trend for vehicles to sport an increasing array of electronic and 
electrical systems to assist drivers in the tasks of reaching their destination in comfort and 
safety. Figure 3 illustrates the growing number of such technologies and functions emerging in 
next-generation motor vehicles. Technologies such as assisted braking and collision avoidance 
make extensive use of sensors and electronics. 

 Prime Faraday Technology Watch – May 2003 18 
 



Wireless Applications for Automotive Products 
 

Figure 3 Advanced automotive electronics systems 

 

Source: Gabriel Leen, Expanding Automotive Electronics
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2.5.2 EMBEDDED ELECTRONICS 

Automobiles currently contain more embedded solutions than any other consumer product 
according to industry analysts at Dataquest. They predict the market for automotive embedded 
solutions will climb to $13.3 billion in 2002.18 Currently, semiconductor and microsystems 
developers, such as Motorola, collaborate with the world’s leading automotive manufacturers, 
including BMW, DaimlerChrysler, General Motors, Volkswagen and Ford Motor Company, to 
develop embedded solutions. Developments in software-enabled embedded solutions for 
automobiles may include systems that can monitor road conditions and driver responses. As 
competition intensifies, automakers believe easily customisable features, rather than simply an 
array of features, will become more important in driving sales growth. Embedded solutions 
development will therefore become increasingly focused on shorter time-to-market and reduced 
costs. Automakers are demanding universal standards from electronics suppliers to ensure that 
they can more effectively meet consumer expectations. 

NEMI is a consortium made up of North American equipment suppliers, academics, government 
agencies and industry associations. Its roadmap for 2000-200119 comments on the 
convergence of automotive and consumer electronics as creating new demands on electronics 
manufacturers. On a general level, the it predicts there will be a ten-fold growth in automotive 
electronics between 2000 and 2005. It predicts that by 2005 consumers will demand features 
such as Internet access and fax capabilities in their vehicles. The increasing prevalence of 
consumer-like electronics in automotive applications will require innovative electronic packaging 
solutions that can meet consumer cost targets while meeting the automotive sector’s durability, 
environmental and reliability requirements. 

2.6 ITEA Roadmaps 

The ITEA (Information Technology for European Advancement) is a EUREKA Cluster Project, 
which works closely with other European technology development and assessment initiatives, 
within the research Framework Programmes established by the European Commission. The 
ITEA has a wide-reaching and well supported ambition – that of stimulating and supporting the 
European software and embedded software technology markets, to the ultimate benefit of 
European industry. 

With more than 5,000 developer-years already in the programme and another 10,000 
anticipated in the next five years, ITEA is a prominent feature of Europe's software-development 
landscape and plays a key role in coordinating European efforts. In this regard ITEA has 
established several application areas for focusing their research programmes and development 
efforts. Given the size and importance of the European automotive sector, its specific software 
and embedded-system needs have featured prominently. 

Figure 4 highlights the ITEA prediction regarding the development of in-vehicle systems for data 
and voice services interchange. ITEA believe that the current delivery of services and 
information to driver and passenger through dedicated interfaces will rapidly give way to 
embedded architectures within both public and private vehicles. For the longer term it is 
envisaged that these potentially independent platforms will be integrated, with convenience and 
consumer demand pressing for the production of a universal device and communications 
platform – one that will support human portable devices that will ultimately integrate various 
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functions such as voice and data communications and interface with home, work, car and a 
whole range of third-party networked objects. 

Figure 4 Roadmap for vehicle ported equipment  

 

Source: ITEA 

2.6.1 ITEA SCENARIO 

As a result of their roadmap the ITEA appear to recognise that there are broad developmental 
requirements across a number of fields. These will be necessary as enablers of the evolution 
from dedicated devices for one type of network to seamless roaming between heterogeneous 
networks and access to new services and new content technologies. Broadly these are: 
• wireless infrastructure – increasing bandwidth and ubiquitous access for wireless network 

infrastructure 
• architecture for distributed systems – from downloadable interfaces (SW-Radio) to 

configurable active networks 
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• Internet – next generations 
• services – platform for downloadable appliances, downloadable services, mobile agents 

and positioning services and data 
• content – data streams and converging standards for format of data 

Within the ITEA’s vision of the automobile of the future, the positioning of wireless technology 
will be pivotal. Figure 5 highlights the ITEA’s applications scenario for vehicle systems. 

Figure 5 Scenario for vehicle ported equipment 

 

Source: ITEA 

2.6.2 ADVANCED AUTOMOTIVE SOFTWARE 

The ITEA have a similar vision for the software requirements of the increasing array of 
advanced automotive electronic systems. They work closely with a number of leading 
organisations for automotive systems development. One such organisation is DaimlerChrysler, 
a leading manufacturer and developer of vehicles and related systems. At the ITEA symposium 
on ‘Software and the Future of the Automotive Industry’ in October 2001, Klaus-Dieter 
Vöhringer, member of the Board of Management for DaimlerChrysler AG, briefly outlined a 
vision of the car of the future. He saw the major challenge as three-fold. First are the key driving 
forces, from societal trends to the latest technological developments. Second are the challenges 
faced as a company, from eco-friendly powertrains to transformation into essentially a digital 
company. Third is developing the core technologies for addressing these challenges and for 
realising a competitive advantage, from improved propulsion technology through telematics, 
information and communication to electronics. In short it was argued that the solution to these 
pressures is the development of DaimlerChrysler’s effectiveness in information and 
communications technologies (ICTs). Vöhringer commented: 

The information and communication technologies, and advanced software in particular, 
play a very crucial role in addressing the challenges. We spend roughly 50% of our 
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research budget on these technologies and they are impacting every single one of the 
challenges. As research is anticipating the future, the impact of information and 
communication technologies on our businesses and the automotive industry in total can 
not be overstated. 

Effectively, DaimlerChrysler envisaged a ‘digital wave’ of technologies radically revamping in-
vehicle systems to result in the development of fully integrated telemated driving. See Figure 6. 
Again, a key driver and integral part of the development is the role played by wireless systems 
in providing connectivity, both within the car and to an established external communications 
infrastructure. 

Figure 6 Telemated driving development 

 

Source: ITEA20 

2.7 In-Vehicle Entertainment Roadmap 

Aside from advances to improve car performance and efficiency, convenience and fun are also 
areas where future car owners will expect some degree of fulfilment. Two major elements of 
people’s lives today are entertainment and mobile technology. The convergence of the two is 
considered a revolution within the automobile that has already begun. Wireless portable devices 
such as PDAs, CD players, televisions and digital video cameras have enabled people to 
experience entertainment on the go. The entertainment industry has realised that mobility is 
another excellent opportunity to reach mass markets and make money. As such, mobile 
entertainment is predicted to be one of the fastest growing automotive sectors, with an 
estimated 700 million subscribers anticipated by the year 2005.21  

2.7.1 ENTERTAINMENT (INFOTAINMENT) DELIVERY 

Automotive entertainment systems have significant promise. Much like early computers, 
automotive electronics systems have been hardware-centric, with audio systems and control 
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systems built into devices that are custom designed for each vehicle model or platform. These 
systems are packaged as part of the vehicle model, with limited options available, and are sold 
at the dealership with the rest of the car. By contrast, tomorrow’s automotive electronics 
systems will morph into full-blown interactive systems for presenting information and 
entertainment, termed ‘infotainment’.22 

Figure 7 Entertainment services roadmap 

 

Source: The future of mobile entertainment: White Paper. Akumitti. 13 September 2001 

It is envisaged that they will be delivered by plug-and-play hardware whose functionality can be 
upgraded through software downloads or simple module replacement. Additionally, the content 
that is delivered to drivers and passengers itself will carry market value. As functionality and 
content grow in importance, the proportion of industry revenue streams from hardware alone will 
diminish. Significantly, to deliver such next-generation content and services, automotive 
manufacturers must cultivate new business partnerships with the sectors that develop or create 
the infotainment technologies or products themselves. This requires a huge change of mindset 
for the automotive industry, which has traditionally taken a highly self-contained approach to 
product development and branding. Most of the equipment constituted by today’s automotive 
electronics systems is branded solely by the vehicle manufacturer. 

Views on the future of in-vehicle entertainment and related comfort and convenience services 
are many and varied. Appendix 1 highlights the forecast of Sun Microsystems, a leading 
developer of software, for the delivery and management of a wide variety of entertainment 
services. 
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3.0 Wireless Functionality – Internal and External  

As discussed previously they are a number of modes of use of wireless technology in the 
automotive sector. Essentially, relative to the vehicle, these boil down to external and internal 
areas of application. 

3.1 Telematic Applications 

External wireless applications and opportunities within the automotive sector are dominated by 
telematics. Automotive telematics is in its infancy and is on the start of an explosive growth 
cycle according to a recent study published by the Telematics Research Group. They point out 
that while only 5% of current cars incorporate telematics systems, by 2006 33% of new cars are 
forecast to incorporate some form of telematics.  

3.1.1 WHAT IS TELEMATICS? 

Telematics can be simply defined as: 

the wireless exchange or delivery of communication, information and other content 
between the automobile and/or its occupants and external sources.23 

However, within those bounds, telematics has widely varying appeal to different parties. It 
encompasses systems that provide safety and security to car owners at the same time as it can 
be used as a customer-relationship-management tool by car makers and dealers. It includes 
diagnostic tools that can spot vehicle weaknesses and improve vehicle reliability and is an 
enabling technology for location-based services. Telematics is thus likely to be an important part 
of future intelligent transportation systems 

It is widely anticipated that the growth of ‘wireless-data equipped’ vehicles will enable the 
automotive industry to rapidly follow Metcalf’s law and generate a critical mass of telematics 
vehicle users, which, like the coming of age of the Internet, will offer a significant opportunity for 
revenue. More importantly, over the next five years, the installed base of telematics-enabled 
autos in the US will reach nearly 21 million for a compound annual growth rate of 63%. 

Here is just a sample of some of the services that telematics makes possible: 

• emergency services – linked to airbag or crash sensors  
• emergency services – 'help' button linked to service centre operator  
• roadside assistance  
• vehicle systems monitoring  
• turn-by-turn GPS navigation  
• automatic door unlocking 
• real-time traffic information  
• stolen-vehicle tracking  
• information - news, weather, stocks … 
• mobile telephony 
• voice-activated e-mail  
• concierge services  
• dynamically priced car insurance – based on when and where a vehicle is used 
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• Satellite radio  
• Fleet management 

Table 4 highlights some proposed telematics applications and the current thinking on how they 
will be enabled and funded. 

Table 5 Telematics services 

Services Payment type Key technologies 

Safety and security 

Roadside assistance Subscription GPS 
Stolen vehicle tracking Subscription GPS 
Remote door unlocking Subscription GPS 
Air bag deployment call (911) Subscription GPS 

Entertainment 

Video games Pay per use Digital Video 
DVD playback   Digital Video 
Satellite radio Subscription Satellite radio 
Music and movie downloads Pay per use High-bandwidth wireless 
Internet radio Subscription High-bandwidth wireless 

Navigation 

Turn-by-turn directions Subscription GPS, wireless data, speech* 
Tourist/recreational info Ad-supported Wireless data 

News, stocks, weather Subs, ad-supported Wireless data, speech* 
Tickets, reservations Ad-supported Wireless data, speech* 
Calendar, address book Subs, ad-supported Wireless data 
Real-time traffic, rerouting Subs, pay per use GPS, wireless data 
Location-based advertising Ad-supported GPS, wireless data 

  * Voice recognition and text-to-speech 

Source: Forrester Research, Inc 

‘Telematics is an emerging industry at the same stage the PC industry was in back in 1980,’ 
says Egil Juliussen, principal analyst with Telematics Research Group. ‘During the 1980s, the 
number of PCs-in-use per 1,000 people exploded from 6 to just over 200. From 2000 to 2010, 
the number of telematics-enabled autos-in-use is projected to grow from 4 per 1,000 people to 
nearly 200 telematics vehicles per 1,000 people,’ adds Juliussen. 

3.1.2 EARLY EXAMPLES OF TELEMATICS 

The idea of telematics is by no means a new concept. Back in 1996, General Motors launched 
OnStar in the US, a voice-based telematics system it provided free of charge for a year with all 
new GM cars. OnStar services include roadside assistance, automatic airbag-deployment 
notification, stolen-vehicle tracking and guidance for lost drivers. OnStar reports that 70% of its 
customers opted to subscribe to a $30 monthly service at the end of the complimentary first 
year, which shows the potential of such a product.24 
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Ford and Qualcomm, a mobile phone company, are developing a rival service to GM’s OnStar 
system, provisionally called Wingcast. If a driver ‘misplaces’ his/her car (say, in a car park), 
Wingcast allows them to call the car using their mobile and honk the horn. And if the airbags 
inflate, Wingcast will assume the driver has been involved in an accident, call the emergency 
services, and tell them where they are.  

In mainland Europe, it is now possible to purchase a Citroen fitted with an AutoPC. It looks like 
an audio CD player, is voice controlled, and can read out SMS messages and email. In the UK 
and elsewhere, Jaguars are available with adaptive cruise control, which lets the driver set the 
speed and distance from the car in front, so that if someone pulls out in front, the car 
automatically decelerates. A similar radar-controlled system is fitted to some Mercedes-Benz 
cars, and the company already has a prototype that allows ‘hands free’ autobahn driving.  

Finnish tyre-maker Nokian Renkaat is developing ‘smart tyres’ that use chips in each wheel to 
monitor pressure, temperature, wear, etc. If something goes wrong, the tyres will call the driver's 
Bluetooth-enabled mobile phone to report the problem. Last year when Ford unveiled its 24.7 
concept car, which has an entirely ‘soft’ (user-definable) dashboard, chief executive Jacques 
Nasser said: ‘This is where the market is headed. It wasn't that we woke up one morning and 
said, 'Let's do this'. It's because that's where customers are headed.’ Pat Kerrigan, Marketing 
Manager of Intel's US-based in-car group, has for years been saying of telematics, ‘It's not if but 
when’. But it's not a question of when any more. ‘Ford and General Motors will have telematics 
in all their cars by 2004-5, and by 2008 it will be in the rest of the world’, he now says. 

3.1.3 MARKET SIZE 

The task of attempting to understand future market sizes or trends in information-based 
technology is very difficult as it may not follow a conventional product life-cycle pattern (i.e. 
introduction, growth, maturity, followed finally by decline). Instead, the market may suddenly 
grow exponentially, even if it has been sluggish for years. There are some reasons to suggest 
that the growth of the telematics market may become self-enforcing. There is no doubt that 
telematics has very useful applications. Functions such as navigation, real-time traffic reports, 
and voice-driven SMS are valuable innovations. In fact, the following applications are widely 
expected to become mainstream by 2006 

Table 6 – Mainstream telematics applications 

Telematics applications expected to become mainstream by 2006 

Driver assistance Telemetry Safety and Security Communication and 
information 

Navigation 

Real-time traffic reports 

Route selection 

Remote diagnostics 

Intelligent ordering of 
replacement parts 

Roadside assistance 

Airbag deployment 
notification 

Emergency response 

Remote door unlock 

Stolen vehicle recovery 

Voice-driven email and SMS 

Location based services 

Basic mobile internet based 
services 

Source: Pera 
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However, once a few consumers discover these technologies, it could become popular and 
many others could follow. If this were to happen, then economies of scale would bring down 
prices, which makes the service attractive to even more users. In this sense, telematics may 
either continue to be a small market with niche applications, or grow exponentially. To predict 
how large the telematics industry could become requires an understanding of the two main 
ingredients in the market – the automotive market and the mobile telecommunications market. 

In 2000, the Western European market for passenger cars was worth a reported $265 billion 
(according to research undertaken by ANE Global Market Data Book). Germany, France, Italy 
and the UK together form two-thirds of the market, and it can be expected that the market for 
telematics will follow a similar distribution. In contrast to the maturity of the European car 
market, the mobile telecom market is growing at a fast pace. Research conducted by The 
Strategis Group shows that the mobile penetration rate in Europe has increased from 20% to 
36% to almost 60% in 1998, 1999 and 2000 respectively. Taking these factors into 
consideration, commentators and research analysts have attempted to predict how large this 
market will become. Forrester, McKinsey and Deutsche Bank estimated that the telematics 
market will reach a reported $25 billion by 2005, which is in line with most other forecasts. 

According to Frost & Sullivan, in 2000 
European car telematics market 
revenues were 1.03 billion euros, of 
which hardware represented 82%. In 
2007, Frost and Sullivan predict this 
market will be 8.55 billion euros (of 
which hardware will represent 43%) 
and by 2007, more than 18.5 million 
cars will be equipped with telematic 
systems. Further research by The 
Strategis Group tends to support 
Frost & Sullivan’s estimations. 
According to Strategis, total revenue 
from telematics hardware and services in Western Europe will be around $5.1 billion by 2006, 
and as Figure 8 illustrates, projected penetration of telematics units is set to reach 6% by 2006. 

Figure 8 Projected telematics revenue 

Figure 9 Total service revenues versus total hardware revenues ($ m) 

 

Source: The Strategis Group 
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Vodafone have also compiled some significant findings on the telematics industry, publishing 
their findings in a report entitled ‘What’s the Approach to Telematics from the Mobile Operator’s 
Perspective?’ (author: Manfred Sielemann, September 2001). Figure 9 shows how their 
research shows the ‘divide’ between the number of new cars manufactured per year compared 
with the number of telematics-enabled cars is expected to significantly decrease over the next 7 
or 8 years. By 2010, the gap is almost non-existent: 

Figure 10  OEM telematics market potential 

 

Source: Vodafone 

In terms of the geographic 
segmentation, Vodafone also 
expect the UK, Germany and 
France to lead the way in terms of 
manufacturing telematics-enabled 
cars, as Figure 10 illustrates. 

 

Other pertinent forecasts come 
from Arthur D. Little, who claim 
that by 2005, 40% of new cars 
sold in the US will come equipped 
with some variation of Web-
hardware25 and also Strategy 
Analytics, who predict that by 
2006, 45-50% of new cars will be 
telematic. In revenue terms, the 
market for in-car telematics 
terminals will grow from $7.7 
billion in 2000 to $24.3 billion by 
2006 worldwide.26 

Source: Vodafone

Figure 11 

Telematics-

equipped 

cars in 

Europe 
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Interestingly, analysis conducted at the University of Cambridge indicates that the value of 
hardware sales will continue to exceed that of telematics services fees throughout 2005 
because OEMs and aftermarket vendors develop and install a base of hardware ahead of the 
development of services. See Figure 11. The analysis also indicates that aftermarket revenues 
are a small percentage of total telematics revenues. See Figure 12. 

Figure 12  Total service revenues versus total hardware revenues ($ m) 

 
Source: University of Cambridge 

Figure 13  Total OEM revenues versus total aftermarket revenues ($ m) 

 
Source: University of Cambridge 

Jeremy Schwarz of US-based Forrester Research, in his report ‘Cars Get Wired’, says safety is 
the number one concern for US consumers.27 The key services, he believes, are roadside 
assistance, stolen-vehicle tracking, remote door unlocking, and emergency calls when airbags 
inflate. He expects the number of new cars fitted with security systems to grow from 800,000 
today to a cumulative 30.4 million in 2005. 

The key entertainment features, says Schwarz, are computer games and movies on DVD for 
the family in the rear seats, plus Internet and satellite radio and music downloads for everyone. 
He expects the number of cars fitted with these entertainment systems to grow from 200,000 
today to a cumulative 28 million in 2005, with about half being supplied with new cars and half 
being fitted later.  
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The number of cars with navigation systems will grow to 25.1 million by 2005, and the number 
with information systems to 16.1 million, with the majority being bought on the after-market in 
both cases. Schwarz says the key features include turn-by-turn navigation, real-time traffic 
rerouting, tourist information and location-based advertising, ticket reservations and restaurant 
bookings, email, news, share prices, weather reports and diary functions.  

These features vary in their attractiveness. In an online survey, Forrester Research found that 
52% of potential buyers were interested in navigation systems but only 9% in email. The most 
popular feature, at 58%, was a hands-free mobile phone.  

3.1.5 VIEWS FROM THE AUTO MANUFACTURERS 

In the press, Ken Hale from Ford has commented that hands-free telephony will soon be offered 
in the Ford Focus, along with GPS navigation and a ‘traveller assist’ service. Ken McConomy 
from Jaguar says voice activation is already available in the F type, ‘so you can say, “Phone 
home” or tell the radio, “Volume up” or “Volume down.”’ Julian Leyton from Citroen was 
enthusiastic about the AutoPC fitted to a Xsara prototype that he drove for a month. ‘With voice 
control you can adjust all the controls for the CD and radio, and it can read out your SMS 
messages. After a few days I was besotted with it.’ Leyton thinks this kind of thing is going to 
catch on, like central locking. ‘Even if customers are not saying, “I must have this technology,” 
once they've lived with it for a few weeks, they're not going to want to do without it.’  

The car manufacturers are attracted to the idea of information and entertainment services 
because they could provide a regular income. Users of GM’s OnStar, for example, pay from 
$200 to $400 a year. However, as Schwarz points out, content providers, wireless network 
providers and hardware vendors also want a slice of the pie. He believes most consumers are 
unlikely to pay for much beyond basic navigation services, so the rest will have to be financed 
on a pay-per-use model or by advertising. The prospects for this depend on usage, which is 
vast in the US. America has 135 million registered vehicles and people typically spend 90 
minutes a day in their cars. America is also one of the few countries where they prefer to stay in 
their cars to use drive-in restaurants, banks and cinemas.  

There are negative aspects to consider as well. The advantages of a sophisticated GPS-based 
information system could mean a reduction in traffic jams (as drivers will be routed away from 
them), and a better chance of finding a parking space, because cars can be directed only to 
areas where car parks have room for them. However, it also allows a car's movements to be 
monitored, and will certainly make road-tolling schemes easier to implement. Smart cars that 
learn their drivers’ habits and preferences may also enable their driving habits to be analysed 
and for the analysis to have a direct effect on their insurance premiums.  

Radar-based safety systems that prevent cars from running into one another could eventually 
take over most of the driving, though researchers on the Path28 project (Partners for Advanced 
Transit and Highways) at the University of California at Berkeley suggest that is still a decade 
away. The idea behind Path is to enable cars to talk to one another so that they can 
synchronise their movements. This will lead to more even speeds, a reduction in emissions, 
fewer traffic jams, and better use of existing roads. According to the University of California's 
Centre for Advanced Transportation, a road that can carry 2,000 vehicles an hour would be able 
to handle 2,927 if half of them were smart cars, and 5,455 an hour if all of them were smart.  
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Although drivers can be expected to resist loss of control, some have already taken the first 
step. The adaptive cruise control systems fitted to some Jaguar and Mercedes-Benz cars speed 
up and slow down without the driver's intervention, replacing for the first time the eye-to-foot 
reflex with a computer-based controller. Leyton says: ‘The technology exists to run cars 
electronically locked together down the fast lane of the motorway. Even I might be quite 
apprehensive about that, but if you look at the space saved, something like that does make 
sense.’ 

3.1.6 MARKET DRIVERS 

Telematics presents many opportunities for telcos and car companies alike. There are many 
indicators of growth which suggest this is a market with all the potential to grow rapidly over the 
next five years: 

• Established infrastructure  Telematics applications use mobile communication between an 
in-car device and a central unit. Mobile networks already span almost every region in 
Europe. Consequently, the communication infrastructure necessary for telematics is 
already established. Furthermore, the high penetration of mobile phones in Europe 
(approximately 60% in 2000) illustrates that the market for mobile communications is well 
developed. This therefore makes the task of equipping cars with mobile devices for the 
purpose of telematics services a lot easier. 

• Product differentiation  The European market for passenger vehicles is mature, and 
increasing competition continues to erode profit margins. Automobile OEMs are using the 
opportunities that telematics present as a unique way to differentiate their products, and 
also to establish a stronger relationship with their customers and to increase revenues 
during the lifetime of a car. 

• 3G investment  Many of the major telecoms companies have invested billions in 3G 
licences and network infrastructures, and now have an enormous debt to repay. The 
potential of the telematics industry represents a serious opportunity to make much needed 
returns on their investment. 

• Increasing road safety  One of the most important aspects of driving is safety. Telematics 
devices will be able to notify emergency services automatically of an accident as well as 
provide them with a precise location determined by an in-built tracking device. Reducing 
the time it takes for the medical staff to arrive on scene will obviously reduce the number of 
fatalities or serious injuries on the roads. 

• Emergence of key alliances  Europe has already witnessed a number of large-scale 
partnerships and alliances between different industry players, aimed at making an 
impression in the telematics market. One of the biggest was inaugurated in February 2001 
when Vodafone and Ford struck up an alliance to bring advanced voice-driven telematic 
safety, security and information services to customers across Europe. When major players 
strike up partnerships like these, it shows there is a commitment to develop this market. 

• Location devices declining in price  Location technologies are becoming more and more 
affordable, as exemplified by the most common technology used to locate a car – GPS 
(Global Positioning System). The first GPS receivers were far too expensive for non-
professional use, but the price has been reduced enormously over the years, so that they 
are probably obtainable for around £10 now. With prices expected to fall even further, this 
suggests that a mass market for telematics could be developed. 
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• Technology convergence  There is an increasing trend towards combining the technologies 
associated with information technology, telecommunications and entertainment into a 
single user experience. In a mobile phone, for instance, a user now has a personal 
organiser, can retrieve information from the internet, communicate via voice or text with 
other people and download and listen to music. This phenomenon of combining different 
technologies into a single device is likely to continue, and networking cars is merely the 
next phase of this trend. 

• Reducing road rage  Recent research has discovered that the average driver in Europe 
spends 274 hours – that is longer than 11 days – in traffic jams each year.29 These can 
often be stressful times for drivers as they get increasingly frustrated at the length of time 
they are stuck sat in one position doing nothing. If they have an in-car device to alleviate 
some of that stress by communicating, or receiving news or information-based services, 
then they may ease their stress and be less likely to take matters into their own hands. 

• Tele-working  The increased trend in employees working partly from home or at locations 
away from the office may also have a positive effect on the potential of the telematics 
industry. As stated above, the amount of time people spend in their cars per year is 
significant enough to suggest that parts of their workload can be taken care of in the car – 
such as ringing clients or searching for information to present in a report. 

3.1.7 MARKET RESTRAINTS 

As with any potential new market, with the market drivers must come the market restraints, and 
there are many uncertainties still surrounding the telematics market. Many industry 
commentators are sceptical about the development of the market because they feel that even 
though telematics has been a big promise for more than five years, it has so far failed to deliver. 
The four main reasons for this argument are summarised below. 

• The pace of technology development versus the life span of a car  The pace of innovation 
in high-tech is much faster than that in the car industry. Developing a car takes an average 
of 5 to 6 years and the life span of a car is around 10 years. Most contemporary 
technologies (such as chips in mobile phones) have a life span of 18 to 24 months. This 
therefore makes it unattractive for OEMs to equip their cars with telematics technology. In 
turn, it also delays market development. However, this drawback does not apply to all 
players. Aftermarket vendors of telematics equipment are more flexible and can 
incorporate the latest technology in their devices. Nevertheless, sales of aftermarket 
devices have been limited in Europe and are unlikely to increase rapidly in the near future. 

• Technology push instead of market pull  It still remains very cloudy as to how much 
European consumers are willing to pay for telematics services if at all. Apart from niche 
applications in fleet management targeted at the transport industry, telematics has 
predominantly been technology push. The development was pushed by the technical 
departments. Furthermore, the initial response of European consumers has been subdued. 
A good example is the OnStar service which General Motors launched in 2000. The ADAC 
(Allgemeiner Deutscher Automobil Club), which is contracted to deliver OnStar’s roadside 
assistance, reported that very few car buyers actually make the effort to open their OnStar 
account, even when the service was free of charge for the first year. WAP is a working 
example of how hype can in many ways cloud reality. Telecommunication companies are 
still suffering from the financial burden created when they failed dismally to fulfil the 
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promises made to the consumer. It is cases like these which make companies uncertain 
about investing large amounts of money in the potentially lucrative telematics market. 

• Telematics services are complex and require multifunctional alliances  Telematics products 
and services require the use of specialised knowledge from the following areas: computer 
hardware; computer software; consumer electronics; mobile communications; and 
automotive development. Not one of these industries has the specialised knowledge, skills 
or expertise to tackle all of these technologies, and the only way to do this is via joint 
ventures or strategic alliances. It takes a great deal of time to establish these and make 
them operationally effective, and this could stump the market growth in telematics. 

• No current standards for telematics technology  More than any other factor, progress on 
the standards front may influence how quickly the market embraces telematics services. In 
general, automobile manufacturers are reticent about adopting industry-wide standards, 
opting instead for high margins on proprietary technological solutions. However, the 
promise of extra revenue in a slumping economy is stimulating them to consider the 
benefits of standardization in the telematics arena, at least at the network level. AMIC 
(Automotive Multimedia Interface Collaboration) is one important consortium whose 
members – FIAT, GM, Ford, Nissan, Renault and Toyota – are attempting to standardise a 
gateway protocol for interfacing with a variety of proprietary, in-vehicle electronic devices. 
Daimler-Chrysler, Volkswagen and BMW have joined together around a similar goal. 

3.1.8 KEY TELEMATICS PLAYERS 

Currently, there is no one company that possesses all the necessary capabilities to offer all 
services. Therefore, companies either need to outsource the activities they cannot perform, or 
develop partnerships or strategic alliances to complement their capabilities. The latter option 
has been the preferred option for many companies, since it allows for the sharing of knowledge, 
skills, capabilities and resources. Also, most importantly, it reduces risks. The key players in the 
market can be divided among the five key capabilities required for telematics services (Table 7). 

Table 7 Telematics key players 

Telematics key players 

Service providers Content 
specialist 

Raw data 
collector 

Software 
supplier 

Hardware 
supplier 

Mobile operators (Vodafone, Deutsche Telekom) 
Car OEMs (BMW, Ford, GM) 
Non-OEM service portals (Vizzavi, Mviva) 

AA 
CNN 
Trafficmaster 

ITIS Holdings 
RAC 
Trafficmaster 

Logica 
Microsoft 
Acunia 

Intel 
Motorola 
Visteon 

In the last few years, a great number of strategic alliances, joint ventures, joint development 
agreements, mergers and acquisitions have been announced. Some of these were only 
established to undertake a short project – others are intended for longer periods of time. 

3.1.9 CURRENT ALLIANCES IN TELEMATICS 

• Ford and Vodafone   Ford of Europe launched its Ford Telematics service on the Focus 
and Mondeo models in December 2001. Based on a partnership with Vodafone, it offers a 
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remote operator service, traffic information and emergency and roadside assistance, 
coupled with a voice-activated cellular phone. The system is available as a factory-fitted 
option, integrated into the vehicle's audio unit, and can be combined with the navigation 
systems on the cars. Before launching the service, Ford asked its customers what they 
wanted from a telematics system. Real-time information was an important requirement, as 
was vehicle tracking in the case of theft and remote door unlocking. Ford believes take-up 
will increase as more customers see the benefits of the system and later as the new 3G 
phone systems come to market. A service for fleet managers and drivers is also offered 
with Ford Telematics. The company expects overall growth to be slow during the 'early 
adopters' period, followed by a sudden climb as the technology finally 'catches on'. 

• BMW and Vodafone  The partnership between BMW and Vodafone was established long 
before the Ford-Vodafone alliance. A contract was signed in 1999 to aid in the 
development of the BMW Assist. However, the BMW Group and Vodafone Passo have 
now adapted the contract to the current service requirements and strategic orientation of 
BMW which, with the new BMW 7 Series, is aimed at being the world’s first manufacturer 
to offer an Internet portal in an automobile. With BMW Assist, the networking of individual 
mobility has already got under way, but opens up completely new dimensions with the 
world’s first Internet-capable production car, the new BMW 7 Series. Karl-Heinz Kalbfell, 
senior vice president group marketing, is convinced that telematics and online services will 
in future take on the role of a virtual assistant to relieve driving effort in any situation and 
will increasingly allow the driver to focus on what it is all about – the pleasure of motoring. 

• Motorola and BMW  Motorola’s current integrated mobile phone system is the V3690 – 
available as a line fit and aftermarket solution. This phone system allows the driver to use a 
phone via the board-computer, board-monitor and multi-function steering wheel. Voice 
dialling and voice control is another plus when it comes to safety features. The successor 
to this product is the V50, which was launched in September 2001 along with the first GMS 
dual-band fixed mobile, the Motorola M8989. Besides 8 watts at 900 MHz, this offers 
advanced safety features such as high-quality hands-free operation and voice recognition. 

• Motorola and General Motors  With Delco Electronics, Motorola helped develop telematics 
systems for General Motors' OnStar division beginning in mid-1998. The OnStar System, 
available on a number of GM’s vehicle models, integrates on-board advanced vehicle 
electronics with GPS technology and wireless communications technology. The OnStar 
System links the driver and the vehicle to a 24-hour customer service centre to provide 
personalized safety, security and convenience services. 

• Motorola and Mercedes-Benz  In January 1998, Motorola joined forces with 
DaimlerChrysler in Germany and Tegaron Telematics GmbH to introduce TELEAID, a fully 
automated in-vehicle emergency communications system available in all SL, CL, CLK-
Class Mercedes-Benz sedans in Germany. The radio distress call system combines 
wireless communication and GPS technologies to offer drivers around-the-clock 
emergency assistance via the Tegaron Telematics GmbH centre in Germany.  

• DaimlerChrysler and AT&T Wireless  The partnership between DaimlerChrysler and AT&T 
was instigated on August 2001. DaimlerChrysler's new telematics strategy, the offering of 
voice and data communication tools in the automobile, represents a consolidation of its 
wireless needs in North America. It also demonstrates flexibility in order to serve various 
automotive customer segments, including the luxury, volume-production and heavy-duty 
vehicle segments. Each segment represents a different set of criteria for telematics, based 
upon the unique behaviour and driving habits exhibited by customers who value the ability 
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to have communication and computing capabilities in the vehicle. ‘We are extremely proud 
of our bold, new relationship with DaimlerChrysler and the promise it holds for our mutual 
customers,’ said Don Boerema, senior vice president of AT&T Wireless. ‘On-board 
communications will become part of an exciting new age of mobile multimedia services. 
Working together, we will be able to offer customers simple and easy-to-use solutions that 
will evolve along with new advances in technology.’ 

3.1.10 FIXED VERSUS PORTABLE HARDWARE 

One of the key uncertainties surrounding the telematics industry is whether the services will be 
delivered on fixed or portable hardware. Naturally, portable hardware will be beneficial to 
wireless operators and alternative service portals, while fixed hardware will be beneficial to car 
manufacturers. Over 60% of people in Europe own a mobile phone and this number is still 
rising. Therefore, it is likely that adding an extra feature such as telematics onto mobile phones 
would make it gain easier acceptance among consumers. Consequently, it would be very 
appropriate to deliver certain telematics product offerings to consumers via mobile phones. The 
advantages and disadvantages of delivery through fixed or portable hardware are summarised 
in Table 8. 

Table 8 The telematics hardware debate 

Hardware debate 

Fixed Portable 

Advantages 

Creates applications that are directly linked with 
the vehicle, such as engine diagnostics. 

It is integrated into the dashboard. 

Car manufacturers have the necessary expertise 
in safety and ergonomics. 

Using one piece of hardware for a variety of uses 
(PDA, phone, music, mobile Internet). 

Flexibility to move hardware in or out of car. 

Consumers can use safety and emergency 
services from any location as well as 
communication and information. 

Portable hardware enables m-commerce at any 
location. 

Wide range of functionalities. 

Disadvantages 

Rapid pace of technological obsolescence. 

May lead to duplication of portable device 
functions. 

Makes maintenance and repair difficult. 

Small screen size. 

Inconvenience of carrying an extra object around. 

Current phones and PDAs do not have GPS 
receivers. 

Source: Pera. 

It is likely that telematics services will be delivered through portable hardware as well as fixed 
in-car hardware. Telemetry, safety and security applications will be mainly delivered through 
fixed hardware. Driver assistance will be delivered through both fixed and portable (or 
simultaneously). Communication and information services will mainly be delivered through 
portable hardware. 
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3.1.11 FURTHER CONSIDERATIONS 

Safety regulations will have some influence on the development of the telematics market. For 
instance, some telematics applications will be likely to distract the driver. It is therefore in the 
interests of government authorities to ensure that these applications are regulated so that they 
do not take lives. Consequently, regulators will aim to eliminate potential distractions and could 
force car manufacturers to wait for better developed voice-activated rather than manual controls 
for telematics systems. This development could set back the development of the telematics 
market severely, which would deal a huge financial blow to mainstream participants. Also, it 
could favour OEMs over wireless operators and alternative service portals, because OEMs, and 
their suppliers, have more expertise and experience in the development of technology related to 
‘person-machine’ interaction such as voice recognition. 

3.2 Internal Applications 

It is recognised that telematics (external applications) represent the mainstay of opportunities for 
wireless technology within the automotive sector; the integration of future mobile devices in 
vehicles and integration between vehicles and mobile networks being the main areas of 
opportunity. However, there are additional, speculative areas where the wireless approach may 
also develop a foothold. 

There is an increasing array of non-critical control functions that are proliferating through 
modern cars. Currently, such features, typified by electric seat controls, CD changers, power 
mirrors and sunroofs etc., require individual control wires connected to the vehicle’s main wire 
harness. The application of wireless technology as a convenient interconnection for such in-
vehicle systems has been identified as an area of opportunity for wireless developers. The 
demands on car wiring are set to increase if the current generation of concept cars from leading 
manufacturers make it through to production. In trying to solve many of the safety issues and 
concerns of car users, vehicle manufacturers are incorporating within their vehicles many 
additional active safety features. For example, Volvo’s Safety Concept Car, unveiled in 2001 at 
the New York Auto Show, has a television screen right in the middle of the dash. The Volvo’s 
screen is lauded as a ‘safety plus’ – it shows what's lurking in the driver's blind spots while 
helping navigate unknown streets with maps and driving directions. The focus in the design is to 
keep the driver facing forward, concentrating on the road in front. ‘We are trying to reduce the 
habit of the driver of looking over his shoulder. It's safer to be able to drive without having to 
take your eyes off the road,’ said Dan Johnston, Volvo product communications manager. ‘This 
is where the TV screen comes in. When the indicator switch is flipped or the car goes into 
reverse, cameras embedded in the door mirrors and rear bumper activate automatically. The 
driver can then view his surroundings on the 4-by-8-inch TV screen without having to crane his 
neck or re-focus his eyes. Another camera is trained on the back seat, the better to spy on kids 
and such.’  

3.2.1 THE FULLY WIRELESS CAR? 

The development of the fully wireless networked car remains a dream. Current wireless 
technology is simply not robust enough to handle the volumes and types of data necessary for 
the safe running of a modern automobile. Aside from factors such as wireless connection 
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security and bandwidth capability, the issues of data integrity and signal robustness are areas 
where the technology has yet to evolve sufficiently.  

There are number of safety critical data-driven activities such as engine and powertrain 
management and braking for which vehicle manufacturers will certainly not consider the 
adoption of wireless technology. With current wireless technology there is always the question, 
‘Will the signal get there or not?’ For safety critical information this kind of uncertainty is 
unacceptable and vehicles manufacturers will always favour tried and tested hard-wired 
systems to carry such crucial information. 

3.2.2 VEHICLE NETWORKS 

During the last few years, the evolutionary 
development of in-car electronics has led to a 
significant increase in the number of interconnecting 
cables within a car. This trend to incorporate 
increasingly sophisticated electronic modules and 
devices within vehicles is pushing wiring harness 
technology to its limits. Generally, as the volume of 
wires used in vehicles continues to rise, even the 
task of routing the thick wires around the vehicle 
shell becomes a significant challenge. The use of 
increasing volumes of in-vehicle cables has negative 
implications for weight, cost and safety, as wiring 
complexity causes assembly problems and 
complicates wiring troubleshooting. The 
environmental implications of increased legislation to 
reduce waste within motor vehicles is also limiting 
the growth of wiring harnesses, which consume a lot 
of valuable raw materials and are relatively difficult to 
remove cost effectively from a vehicle at the end of 
its working life. 

Figure 14 Development of 

  vehicle networks

The growth of in-vehicle networking is in part a 
reaction to the increasing demands of on-board 
electronics. The proliferation of such systems has 
significantly increased the complexity of wiring-
harness technology, forcing manufacturers to seek 
alternative solutions. The general development of in-
vehicle networks presents a distinct opportunity for 
wireless systems in that it holds the promise of the 
development of a standard platform from which to 
‘hang’ wireless solutions. Examples of in-vehicle 
networks include SAE J2058 CSC, Motorola MI BUS, 
SAE J1850, ABUS, CAN, VAN. 

Source: Automotive Electrical Systems 
 Circa 2005. 
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3.2.3 THE GROWTH OF MULTIPLEXING 

The solution to an increased demand for connectivity has been evident for a number of years 
and it is slowly working it way into the automotive sector. Multiplexing is a technology that has 
enabled increased data sharing among computer users. Using this approach it is possible to 
shrink automotive wire numbers down to a fraction of their current level. Multiplexing would 
involve moving away from the approach of ‘point-to-point’ connectivity used today, i.e. in the 
case of a car door wires are routed for the dashboard or in-vehicle environment to the door for 
window control, locks and mirror control. A multiplex system would adopt the approach of a 
control ‘node’ located in the door that connects to the locks, window etc., which is itself 
connected to a vehicle control bus via a single wire. 

3.2.4 MULTIPLEXING SOLUTIONS 

The applications for multiplexing buses in vehicles is likely to span a spectrum of operations, 
ranging from the simple, such as operating lights, wipers and windows to the more 
sophisticated, requiring the handling of bandwidth-hungry and time-critical information from the 
likes of engine management and control systems. Some vehicle manufacturers have taken the 
decision to develop their own proprietary solutions, or have joined consortia with other vehicle 
manufacturers to develop suitable networks. In seeking to establish an open platform for 
development, organisations such as the Society of Automotive Engineers have defined three 
vehicle network categories, called class A, class B and class C. These definitions and 
development platforms have been taken up by many automotive manufacturers and 
semiconductor-device developers. See Appendix 2. 

3.2.5 NON-CRITICAL AUTOMOTIVE SYSTEMS 

Given the limitations of wireless technology in handling safety-critical information, its integration 
into emerging vehicle networks for handling non-critical functions looks to be an exciting area of 
future promise. Figure 14 highlights a potential basic configuration for such an integrated 
network. It is envisaged that existing in-vehicle networks may incorporate wireless nodes to 
interface with mobile devices such as phones, laptops and headsets as well as in-vehicle 
equipment such as seat controls, in-boot entertainment controls and a range of door features 
such as powered mirrors, speakers and locks. 

In-vehicle applications of wireless technology to control currently hard-wired functions are purely 
speculative. As its stands, no references to the use of such systems were located within the 
published reports of leading vehicle manufacturers, which is surprising. Such a lack of 
development may indicate that the automotive industry considers every factor of its products to 
have an integral element of safety which may negate the use of wireless interconnects. 
However, that is not to say that such the concepts of wireless interconnect will not see the light 
of day; it is rather the case that the continuation of current developments along their ordinary 
course will make the use of wireless technology more realistic. It is surely only a matter of time 
before such systems begin to find their way into the next generation of concept cars. 
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Figure 15  Integration of in-vehicle and wireless automotive networks 

 

Source: Vehicles without wire. G Leen. Donal Heffernan. 
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4.0 Review of Candidate Wireless Technologies 

The wireless networking sector contains a significant number of wireless communications 
standards and protocols with potential applicability to the handling of data within the automotive 
environment. Protocols and wireless standards providing varying degrees of data security and 
transmission speeds are already finding applications in handling automotive data. The 
determination of a suitable candidate technology is a complex decision and one that by its 
nature must balance a number of performance and functionality issues. Not least of these 
various factors are the following: 

• systems integration requirements – on chip, modular 
• data/transmission capacities  
• power requirements 
• environmental tolerance 
• range 
• security capabilities 
• error correction capabilities, interference resistance, reliability 
• cost 
• availability. 

4.1 The Automotive Environment 

The automotive operating environment poses a number of distinct challenges for the use of 
wireless networks and the incorporation of sophisticated electronic systems. Such challenges 
represent a mixture of the sector’s environmental and reliability requirements, as well as the 
‘developed-over-time’ approach that the sector has to technology adoption. Specific challenges 
for wireless system providers will include: 

• the operating environment (temperature, dirt, electrical interference etc.) 
• reliability – like aerospace  
• significant industry caution 
• cost sensitivities 
• relatively low volumes 
• long development times and support times. 

4.1.1 ENVIRONMENTAL CHALLENGES 

Electronic and electrical devices within a vehicle environment are potentially subject to 
temperature extremes, mechanical vibrations and contact with corrosive chemicals, invasive dirt 
and dust. As such, the development of wireless subsystems, their general robustness and their 
placement within vehicles are areas of ongoing research. The car environment is further subject 
to the effects of electromagnetic emissions from on-board equipment such as starter motors, 
battery connections and the like. Factoring into the equation the effects due to multiple vehicles 
travelling in close proximity, the anticipation of a greater use of electric motors and controls 
within cars for features such as power steering and powertrain applications and it is evident that 
the automotive environment poses significant challenges for reliable wireless communications. 
Interference is the major area of concern for vehicle-based wireless systems. Many of today’s 
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protocols have not been tried and tested in a favourite scenario of the vehicle industry – that of 
the classic football stadium car park or park-and-ride environment, with hundreds of vehicles in 
close proximity and actively transmitting.  

To achieve success within the automotive sector it is clear that wireless communications links 
must prove themselves suitable for the environment and reliable in their operation. For a 
number of leading wireless standards this task has not even begun. Many protocols for 
conventional wide area networks and wireless local area networks were put together with no 
thought for application within the automotive area and hence remain untested. However, 
wireless standards such as Bluetooth are openly courting the automotive sector and it would be 
fair to say that automotive testing for this technology is advanced but by no means complete. In 
general it would be fair to say that the proving process for vehicle wireless network has a long 
way to go. 

4.1.2 DEVELOPMENT TIME-SCALE DISCREPANCIES 

The entrenched custom design, we-can-make-it-ourselves approach that dominates automotive 
electronics is a barrier to innovation. The timescales for this design process are viewed as far 
too lengthy and rigid to accommodate the emerging next generation of wireless protocols. 
Overall, custom-designed practices result in products that are limited to specific vehicle makes 
and models. Furthermore the hard-wiring of electronic product designs to specific vehicle makes 
and models makes product development a captive of traditional automotive platform design 
cycles. Because automobiles involve the integration of numerous mechanical and electronic 
subsystems, product lead times often stretch over several years. 

Although some innovative manufacturers have compressed product lead times down to 12–18 
months, that is still no match for the electronics and computer industries, whose products often 
change by the month. There are several factors that allow those in the computing and 
electronics sectors to introduce products far more rapidly. These factors include the following. 

• Product complexity  The single-purpose nature of computers and home electronics systems 
allows product developers to avoid the time-consuming design integration issues of motor 
vehicles. 

• Reliability  Computer and electronics manufacturers do not have to contend with the same 
bullet-proof product safety and reliability concerns that are involved with motor vehicles. 

• Standards  This factor helps speed innovation in computer and consumer-electronics 
products significantly. For instance, freed from concern about mundane features ranging 
from electrical power connections to component and playback specifications, the computing 
and electronics industries have been able to focus on innovation without losing precious 
time managing backward compatibility and multi-year maintenance issues. 

• Market scale  Although the global auto industry produces at least 50 million vehicles 
annually, this seemingly huge market is highly balkanised because equipment is custom 
designed for specific vehicle makes and models, which in turn are often differentiated by 
region. Consequently, it is difficult to realise economies of scale if equipment must be 
tailored to each model permutation. 

• Flexibility, adaptability, and long term support  These will also play an important part in 
determining the winners and losers in the battle over wireless communication systems. Cars 
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take on average 2-5 years to design and develop and they are subsequently in the hands of 
users for 10 years or upwards of 15 years in the case of commercial vehicles. Within such 
time frames, typical user devices, such as laptop and mobile phones, will have gone 
through several generations of development, and the telematics infrastructure outside the 
vehicle will have similarly advanced during this period. Thus vehicle manufacturers are keen 
to avoid systems that may leave car users with useless gadgets staring them in the face 
from dashboards in five years time. Backwards compatibility of wireless systems over this 
period of time will have to be maintained 

• Safety – driver overload  Many studies have been conducted and the general consensus is 
that a well designed driver interface would not cause problems of information overload. In a 
recent US Department of Transportation Study, seeking to establish the usefulness of an in-
vehicle computer and warning system, 18.2% of drivers responded to an indication of an 
ambulance approaching before seeing it and 27.3% responded to an indication of an 
accident prior to visual warnings.30 In the tradition of the industry, automotive manufacturers 
are addressing the issue by developing their own interfaces. For instance, General Motors 
has entered a $1.6-million, 3-year program to study driver distraction.31 A generic cross-
manufacturer interface looks a very long way off. 

4.1.3 MULTIPLE WIRELESS NETWORKS 

Currently no single wireless standard appears capable of fulfilling all of the roles envisaged for 
future vehicle requirements. To provide the range of telematics and in-vehicle services 
proposed by many manufacturers a combination of networks will be required. The anticipated 
areas of application for wireless technology cover short-range wire replacement interconnection 
tasks within the vehicle environment, to long-range communications with external infrastructure 
for high capacity data transmission. Various wireless standards have evolved to address these 
ranges. There are two types of network methodologies that offer capabilities that match 
automotive requirements in terms of transmission range. These are: 
• wireless personal area networks (WPAN) – short range for in-car sensors, devices, mobiles 

etc. 
 wireless local area networks (WLAN) – medium range for communications with 

infrastructure, roadside terminals and as the link to wider cellular networks for mobile 
communications, data, infotainment and traffic news etc.32 

4.2 Wireless Standards 

Among established wireless-communications standards and protocols, predominantly based on 
the Open System Interconnection model (which defines a framework for implementing 
communication protocols in seven layers), several may find application in the automotive sector. 
Within the OSI model control is passed from one layer to the next, starting at the application 
layer in one station, proceeding to the bottom layer, over the channel to the next station and 
back up the hierarchy. Each of the available wireless standards utilises established techniques 
which provide for varying functionality at differing layers in their OSI topology. Thus, the 
protocols make use of differing data link layers (physical control and media access) along with 
specified transmission capabilities, operating bandwidths, security and error correction features, 
to enable the protocol to operate in a diverse range of environments and under various 
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constraints. Table 9 highlights a number of current wireless communications standards and 
indicates their basic stated (data) transmission capabilities. 

Table 9 Current and proposed wireless standards 

Standard Physical level Method of the access control 
Nominal data 

capacity of the 
physical layer 

Product 
availability 

IEEE 802.11  
Frequency Hopping 
Spread Spectrum 
(FHSS) 

Carrier Sense Multiple 
Access/Collision Avoidance 
(CSMA/CA) or Direct Sequence 
Spread Spectrum (DSSS)  

1 or 2 Available 

IEEE 
802.11b  

Complementary code 
keying DSSS  

CSMA/CA 11 Available 

IEEE 
802.11a  

Orthogonal Frequency 
Division Multiplexing 
(OFDM) 

CSMA/CA 54 2001 

HiperLAN1 
Gaussian Minimum 
Shift Keying (GMSK) 

Three-phase taking into account the 
priorities  

23.5 2000 

HiperLAN2  OFDM  
Centralized control of 
resources/lifetimes, Time Division 
Multiple Access (TDMA)  

54 2001 

OpenAir  FHSS CSMA/CA 1.6 Available 

Wideband 
OpenAir  

FHSS  CSMA/CA 10 2000 

HomeRF  FHSS  CSMA/CA 1 1999 

Wideband 
HomeRF 

FHUSS  CSMA/CA 10 2000 

Bluetooth FHSS  
Centralized control of 
resources/lifetimes, TDMA  

1 2000 

Note: The market for wireless networking is diverse and system capacities vary. It should be noted that the real network 
capacity is actually only 50% to 60% of the nominal capacity given by the physical level specification. 

Cordless technologies that reduce wire usage in simple interconnection applications also have 
the potential for vehicle-based applications. One is IrDA, which is reviewed later in this chapter. 

Figure 15 gives a segmented view of wireless technologies. WAN technologies would include 
cellular phones such as GSM, GPRS, CDMA etc. These are characterised by long range and 
high power consumption. WLAN technologies would include 802.11, airport etc. These are 
characterised by medium power, medium range. WPAN technologies would include Bluetooth, 
IrDA, and HomeRF. 

The ITEA have established a roadmap exploring the development of standards and the 
technology implications for future software-intensive environments.33 They have identified and 
assessed the needs for the automotive sector and have identified a number of key cordless and 
wireless solutions that are considered key enablers and areas of opportunity in the 
advancement of European technology. Table 10 highlights the selected technologies. It must be 
stated that these technologies are not directly recommend by the ITEA for automotive 
applications, but that they do represent the technologies most likely to provide cordless 
(interconnect) and wireless (telematic) functionality to a range of future industries. 
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Figure 16  Network transmission topology 

 

Source: Positioning HomeRF34 

Table 10 Key cordless and wireless technologies 

Technology Now Short term 
Medium 

term 
Long term 

Cordless 

DECT X    

HiperLAN  X   

Bluetooth X    

HomeRF  X   

IrDA X    

Wireless 

GSM X    

UTMS   X  

GSM/GPRS X X   

Fourth generation services    X 

Source: ITEA35 

Similarly, our research into the development and adoption of wireless technologies by vehicle 
engineers and the automotive sector in general has highlighted the technologies in Table 11 as 
those most able to provide the internal and external wireless capabilities required by future 
vehicles. They are reviewed further in the following sections. 
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Table 11 Candidate automotive wireless technologies 

Wireless technologies 

Cordless technology 4G technology 

IRDA Bluetooth 

2.5G and 3G technology 

GPRS EDGE HSCSD 

IEEE 802.11b (Wi-Fi) 
IEEE 802.11a,g 
HiperLAN 1 and 2 
HomeRF 

4.3 IrDA 

Devices for convenient information exchange over the wireless infrared channel are found in 
many mobile platforms for computing, communicating and imaging. Most devices comply with 
the international standards promoted by the Infrared Data Association for data rates of up to 4 
Mbps. With the approval of a 16 Mbps data rate option called Very Fast Infrared, IrDA's point-to-
point usage model is extendable to applications requiring wireless connectivity beyond 4 Mbps. 

4.3.1 IRDA STANDARDS 

IrDA (Infrared Direct Access) is a standard for devices that communicate using infrared light 
pulses. It is the same technology as that used to enable remote controls to operate, and the fact 
that all remotes use this standard allows a remote from one manufacturer to control a device 
from another manufacturer. IrDA devices must be in direct line of sight with each other in order 
to communicate. As such, IrDA is considered a cordless technology as opposed to a wireless 
one. IrDA-based networks capable of transmitting data at speeds up to 4 Mbps are available but 
they require access points in each location where IrDA equipment is to be used, limiting their 
usefulness and making them expensive to implement. Figure 16 highlights that IrDA devices are 
currently widely used on a whole range of devices such as PCs, mobile phones, laptops and 
PDAs, to provide for ad-hoc connectivity. 

Figure 17  IrDA device usage 

 

Source: Strategies Unlimited 
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There are two IrDA standards, IrDA Data and IrDA Control. The IrDA Data standard is 
recommended for high-speed (4Mbps) short-range, line-of-sight, point-to-point cordless data 
transfer; it is suitable for hand-held PCs, digital cameras and handheld data-collection devices. 
IrDA Control is recommended for in-room cordless peripherals to host devices, PC, PDA or 
laptop for lower speed, full cross-range, point-to-point or point-to-multipoint cordless controller ; 
it is suitable, for example, for keyboards, computer mice and joysticks. The standard of most 
interest for in-vehicle applications is IrDA Data. Indeed in the early Auto PC developed in Japan 
by the likes of Clarion and others, an IrDA point was included for in-vehicle connectivity. 

4.3.2 IRDA DATA 

Since 1994 IrDA Data has defined a standard for an interoperable universal two-way cordless 
infrared transmission data port. IrDA technology is already used in over 300 million electronic 
devices including desktop, notebook and palm PCs, printers, digital cameras, public phones and 
phone kiosks, cellular phones, pagers, PDAs, electronic books, electronic wallets, toys, watches 
and other mobile devices.  

IrDA Data protocols consist of a mandatory set of protocols and a set of optional protocols. The 
mandatory protocols include physical signalling layer, access protocol, link management 
protocol and information access service, and the characteristic physical data signalling protocol. 
The basic features and capabilities of the IrDA Data standard are these: 

• Range  Continuous operation is from contact to at least 1 metre (typically 2 metres can be 
reached). A low power version relaxes the range objective for operation from contact 
through at least 20 cm between low-power devices and 30 cm between low-power and 
standard-power devices. This implementation affords 10 times less power consumption. 
These parameters are termed the required maximum ranges by certain classes of IrDA-
featured devices and sets the end-user expectation for discovery, recognition and 
performance.  

• Bi-directional communication  This is the basis of all specifications. 

• Transmission rates  Data transmission starts at 9600 bps with primary speed/cost steps of 
115 kbps and maximum speed up to 4 Mbps  

• Security  Data packets are protected using a CRC (CRC-16 for speeds up to 1.152Mbps 
and CRC-32 at 4 Mbps).  

In late 1997, the Infrared Data Association launched one of many optional protocols for IrDA 
technology. The IrMC (Infrared Mobile Communications) standard defines common data-
exchange formats and protocols for mobile communication devices to interoperate. The 
standard married established IrDA protocols with other industry standards enabling the 
implementation of applications such as the exchange of electronic business cards, calendar 
events, telephone book entries, messages and other information. Principally, the IrMC standard 
allows the development of universal car kits for mobile phones. 

With IrMC, software developers have been able to create applications for a whole range of 
wireless communications devices royalty-free. As such IrDA-IrMC is widely used for 
synchronising calendar applications, exchanging business cards and standard messages 
across devices. The standard has also been of significance to the component industry, enabling 
the development of components with a dramatic reduction of power consumption and size. 
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These types of components are critically important in order to maintain long talk/standby times, 
and support the ever-decreasing form factors of wireless communications devices. 

4.4 HomeRF 

HomeRF was launched in March 1998 and is an open industry specification championed by the 
Home Radio Frequency Working Group. Members of the group include more than 50 leading 
companies across the PC, consumer-electronics, networking, peripherals, communications, 
software, retail-channel, home-control and semiconductor industries world-wide. HomeRF is a 
wireless networking solution based on a blend of existing networking and communications 
standards, which together have resulted in a hybrid standard for HomeRF called shared 
wireless Access Protocol (SWAP). SWAP combines elements of the functionality from three 
‘wireless and cordless’ standards, namely digital enhanced cordless telecommunications 
(DECT) for telephone handsets, and OpenAir’s and the IEEE’s 802.11 standards for wireless 
Ethernet networking of data. Thus, the hybrid SWAP standard is able to deliver high throughput 
data streaming for demanding multimedia applications, as well as six high quality voice 
channels. See Figure 17. 

Figure 18  Shared wireless access protocol (SWAP) 

802.11 
GOOD FOR DATA 

DECT 
GOOD FOR VOICE 

SWAP FRAME

 
Source: Home RF Working Group.36 

As the name suggests, the principal application market for HomeRF is the home. Through 
combining DECT and wireless networking specifications it is able to offer home users an 
integrated network for voice, data and streaming multimedia services. Such services include 
video-on-demand and broadband Internet, supported across a wide range of in-home devices 
including PCs, cordless telephones, a growing range of Internet audio devices and digital TVs 
and PDAs. Home RF is a centralised technology, in the fact that it requires a hub to act as the 
access and control point for all HomeRF equipped devices. Figure 18 shows the range of 
devices that would comprise a typical HomeRF system. HomeRF is implemented in PCs and 
PDAs via a suitable interface card. 
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Figure 19  HomeRF infrastructure 

 

Source: HomeRF Working Group. 

4.4.1 HOMERF CAPABILITIES 

HomeRF makes use of the Industrial Scientific Medical frequency band of 2.4 GHz, which is 
freely available for use across the world. It also makes use of the robust FHSS (Frequency-
Hopping Spread Spectrum) technique, which enables it to perform securely in an uncontrolled, 
relatively noisy environment such as the home with minimal loss of data and transmission 
quality. A performance summary of the key characteristics of HomeRF is given in Table 12. 

4.4.2 INTERFERENCE 

From the viewpoint of interference resistance, HomeRF uses intelligent hopping algorithms that 
detect wideband, static interference from microwave ovens, cordless phones, baby monitors or 
other wireless LAN systems. Once detected, HomeRF adapts so that no two consecutive hops 
occur within this interference range. This means that a transmitted packet of data lost due to 
interference will most likely get through when it retries on the next hop. While this is 
advantageous for data, it is especially powerful for HomeRF's high quality voice transmission 
capabilities, which include a retry mechanism for lost voice packets.  

Like the automotive environment, homes are considered to be riddled with interfering devices. 
At COMDEX Fall 2000, HomeRF was demonstrated within a 20'x20' home set-up which 
included a small living room, kitchen and bedroom. Within the small space, five separate radio 
sub-networks were in operation, simulating nearby apartments equipped with HomeRF devices. 
Within this ‘electrically noisy’ environment HomeRF was able to sustain the delivery of a video-
on-demand service at near-VCR quality.37 
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Table 12 Features of HomeRF version 2.0 specification 

HomeRF Specification (Version 2.0) 

Standards DECT (TDMA) 
IEEE 802.11 (CSMA/CA) 
OpenAir (CSMA/CA) 

Data Transmission 10 Mbps peak data rate with fallback modes of 5 Mbps, 1.6 Mbps 
and 0.8 Mbps 

Compatibility Backwards-compatibility with installed base of HomeRF HomeRF1.2 
devices operating at 1.6 Mbps and 0.8 Mbps 1.2 devices 
operating at 1.6 Mbps and 0.8 Mbps 

Network Topology Frequency-Hopping Spread Spectrum (FHSS) with 50 hops per 
second  

Simultaneous host/client and peer/peer connectionless topology  

Up to 127 devices per network 

Range 75 to 125 ft/23 to 38 m 

Power Extreme power savings modes 

Security Frequency Hopping and 128bit encryption 

Data Handling Capabilities Up to 8 simultaneous prioritised streaming media sessions for audio, 
video, one-way or two-way 

Voice Handling Capabilities Up to 8 simultaneous toll-quality two-way cordless voice connections 
(4 handsets initially) 

Note: Due to the need to use dedicated cards, only computers can participate in a SWAP network. Printers and other 
peripheral devices need to be physically connected to a computer and shared as a resource by that computer. 

Source: PERA 

4.4.3 SECURITY  

HomeRF operates using a 24-bit network ID which makes it reasonably secure. However, it also 
employs 128-bit data encryption and other security features in addition to its basic digital 
frequency-hopping spread spectrum operating capabilities. The use of FHSS technology and 
128-bit encryption makes HomeRF transmissions very difficult to intercept and decode without 
using the most professional eavesdropping equipment. 

4.4.4 POWER CONSUMPTION 

HomeRF systems, by nature of the standard’s modulation techniques and radio transceiver 
requirements, have low power consumption in both active transmit and receive modes. 
However, in standby mode, where a device is attached to a network but not actively transmitting 
or receiving, HomeRF provides for extremely low levels of power usage. This is by design within 
HomeRF specification and allows it to exploit the network topology of a central controller and 
extremely fast synchronisation techniques to reduce power requirements for devices connected 
to the network, keeping them to a minimum.  

Generally low component complexity enables HomeRF to fit in handheld appliances, and low 
standby power extends the battery life of these devices. The development of smaller form 
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factors for HomeRF, smaller than PC and Flash cards, raises the potential for the technology to 
reach chip scale architectures which would enable the technology to become ‘built-in’ to pivotal 
consumer devices that will form the front end of the fully-Internet-enabled home.  

In the future a second-generation HomeRF specification will add support for low-cost roaming of 
HomeRF devices and combination HomeRF/Bluetooth devices are expected to be commonly 
available very soon. These will combine the rich capabilities of HomeRF and the projected 
pervasiveness of Bluetooth for operation outside the home. 

4.4.5 FUTURE DEVELOPMENT/ROADMAP 

The development of HomeRF has been driven principally by the expanding role of the Internet 
and the growth in home networks, requiring data transmissions for PCs and communications 
(voice) networks for phones. Home networking is an active market in the US. Already some 
65% of US households have a PC, and some 22 million homes have more than one. By 2005, 
analysts predict that over 46 million US households will use broadband connections to access 
the Internet, up from 10 million today, and 25 million home networks will be installed by 2004. 

Accredited HomeRF products are available today from companies such as Compaq, Intel, 
Motorola, and Siemens. Currently, Proxim remain the only chipset manufacturer of note. 
Products available include USB and PC Card adapters for PCs, residential gateways that 
network a variety of devices including PCs and a growing variety of devices that embed 
HomeRF chipsets. 

The roadmap for HomeRF is to deliver increasing bandwidth and greater data throughput to 
support ever more demanding streaming and multimedia applications. HomeRF 2.0 with 10 
Mbps performance currently supports an increased number of phone lines and new features for 
digital music and Internet-based TV. HomeRF 3.0, with an even greater bandwidth of more than 
25 Mbps will support streaming video at DVD-quality levels. By then, the HomeRF Working 
Group hopes to see broader use of HomeRF in TV set-top boxes, in video tablets and in 
multimedia residential gateway servers. 

4.5 Bluetooth 

Bluetooth is an industry-driven specification for low power, short-range, wireless data and 
speech communications. Bluetooth is very much a WPAN technology; it connects personal 
devices within a small area, typically within 10 metres but is reportedly capable of distances 
approaching 100 metres. Ericsson conceived the standard in 1998, before a number of other 
companies collaborated with the technology leading to the launch of the Bluetooth SIG (special 
interest group). The group has the role of maintaining the openness of the platform and 
overseeing commercialisation of the technology. Bluetooth is an open wireless specification and 
amid much press acclaim it is anticipated by industry sources that there will be 2 billion 
Bluetooth devices in service by 2005.38 Companies behind the Bluetooth standard include the 
likes of Nokia, IBM, Intel, Toshiba, Lucent, 3Com, Microsoft and Motorola. There are currently 
some 2500 SIG members. Further information on the SIG and its activities is available via the 
official Bluetooth website.39 The basic specification for the current version of Bluetooth is 
summarised in Table 13. 
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Table 13 Bluetooth specification features 

Bluetooth Specification Features 
Frequency (GHz) 2.402/2.480 Transmit speed (kbps) 723.2 max 

Modulation GFSK Speech-codecs 
LogPCM 
CVSD 

Channel spacing (MHz) 1.0 Input sensitivity (dBm) -70 min 

Channel Number 79 Number of devices 
8 per Piconet; approx. 10 
in one environment 

Symbol late (Mbps) 1   

Classes 
Output power 

(dBm/mW) 
Range 

Class1 20dBm max/100mW 100 metres 

Class2 4dBm max/2.5mW 16 metres 

Class3 0dBm max/1mW 10 metres 

Source:40 

Like HomeRF, the Bluetooth protocol operates in the unlicensed 2.4–2.4835-GHz Industrial 
Scientific Medical (ISM) band and uses very low power levels. Use of the ISM band is licence-
free in every country of the world and represents a universal base from which Bluetooth and 
other wireless communication protocols operate. 

The vision for Bluetooth is its incorporation into silicon, as a single low-cost, low-power 
transceiver chip, that can be embedded into items such as computers, printers, mobile phones 
and cordless headsets. A Bluetooth chip is designed to replace cables by taking the information 
normally carried by wires and transmitting it direct to a Bluetooth chip embedded in the receiving 
equipment. 

Bluetooth is designed to operate in noisy radio frequency environments through using fast 
FHSS (frequency-hopping spread-spectrum) transmissions. Frequency hopping means that a 
Bluetooth chip transmits and receives on 79 different hop frequencies, spaced 1MHz apart, from 
2402 to 2480 MHz, switching between one hop frequency to another in a pseudo-random 
sequence, 1600 times a second. In comparison with other wireless systems operating in the 
same frequency band, the Bluetooth radio specification hops faster and uses shorter packets of 
information. This makes the protocol very robust in its resistance to random electrical 
interference and interference within in any one part of its transmission spectrum.  

Bluetooth uses a binary Gaussian-shaped FSK (GFSK) modulation, designed to minimise 
transceiver complexity. The current maximum data rate is low, at around 720 kbps and the 
intended range is 10 metres. The Bluetooth specification quotes a maximum range of 100m, but 
in a clean environment ranges of up to 20-30 metres have been reported.  

Access to the medium is accomplished by means of a Time Division Duplex (TDD) scheme, 
where circuit-switched data as well as packet-switched connections are supported. Each packet 
is transmitted on a different frequency hop. Normally a packet covers a single slot, but the 
specification allows up to five slots to be used for packet transmission. 
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The Bluetooth specification supports both point-to-point and point-to-multipoint connections. 
Bluetooth devices can communicate with each other and be coordinated by forming a piconet, a 
small ad-hoc network created when two or more Bluetooth-compatible devices recognise and 
communicate with each other. In normal operation, Bluetooth-enabled devices search for other 
units and configure themselves into small networks on an impromptu or ad-hoc basis. Two to 
eight Bluetooth units sharing the same channel form a piconet with one unit acting as the 
master. In this fashion, Bluetooth piconets in the same vicinity, such as would be encountered in 
the automotive sector when traffic is stationary or when parked, can communicate with each 
other to transfer information. In doing so they form wider architectures called scatternets.  

4.5.1 BLUETOOTH WITHIN THE AUTOMOTIVE ENVIRONMENT 

Bluetooth is one of the few wireless technologies to actively promote and research applications 
within the automotive sector, to the extent that the Bluetooth steering group has formulated a 
‘profile’ (effectively a roadmap of capabilities and needs) for the transition of the technology into 
the automotive environment. As with other wireless systems, the application of Bluetooth within 
the automotive environment may be conceived at two levels – a user-device level and a 
subsystem level. At the user-device level, the Bluetooth protocol can and is providing in-car 
wireless connections for user devices such as mobile phones, laptops and PDAs. It is 
envisaged that the major development area for Bluetooth within the automotive environment 
over the next two years will be as a hands-free wireless link for in-car mobile phone users. 
Supporting this view, Figure 19 highlights the current and forecast applications for Bluetooth 
wireless systems. The automotive sector is viewed as crucial to the technology’s progress 
towards wider market acceptance. 

Figure 20  Market penetration of Bluetooth devices. 

 

Source: Vehicle Electronics Systems Conference (June 2000). 

The penetration of Bluetooth devices is forecast by the Bluetooth SIG to grow significantly to 
180 million units in 3 years, achieving critical mass within key sectors such as mobile phones, 
personal computers and PDAs. Given the capability of the protocol to be fully integrated on to 
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silicon providing low-cost Bluetooth modules forecast to cost less than £5 by the end of 2003, it 
is envisaged that Bluetooth will be embedded within 79% of US mobile phones within 3 years.41 

4.5.2 CURRENT AUTOMOTIVE PRODUCTS 

Several Bluetooth-enabled automotive systems are already evident on the market, including 
Johnson Controls TravelNote Connect, Delphi Communiport MMM System and the Motorola 
hands-free kit. Visteon Corporation who announced in October 2001 the convergence of their 
intelligent voice recognition technology with Bluetooth, allowing drivers to use mobile phones 
hands-free. This technology can also be applied to accessing information on other electronics 
devises, such as PDAs and laptops. No docking stations are required, reducing multiple controls 
from the instrument panel. This type of convergence will ultimately benefit Bluetooth at the 
automotive-subsystem level, where such intelligence may enable drivers to control car 
accessories such as radios and air conditioners via smart wireless consoles. The Visteon 
system for mobile-phone use was expected before the end of 2002. However, as Figure 20 
shows, whilst the potential for Bluetooth within vehicles is evident, its current data-carrying 
capabilities do not enable it to meet the bandwidth and data-handling requirements of many 
anticipated in-car developments. 

Figure 21  Bluetooth automotive data capabilities. 

 

Source: Vehicle Electronics Systems Conference (June 2000).42 

At a system level, applications for Bluetooth are envisaged to develop over the longer term. At 
the current level of technology it is not believed that Bluetooth has the reliability of transmission 
to be acceptable for anything other than non-critical or peripheral automotive applications. 
However, as the technology improves with successive specifications, it is forecast that 
applications for Bluetooth will extend to remote diagnostics, low-speed tolling, vehicle 
identification and automatic vehicle refuelling, and that they will eventually attain the capabilities 
required to act as a wireless in-vehicle network for full multimedia communications.  

 Prime Faraday Technology Watch – May 2003 54 
 



Wireless Applications for Automotive Products 
 

4.6 2.5G and 3G Developments 

Given the lead it established with the introduction of GSM, Europe is also leading the way in the 
introduction of true third generation (3G) technologies. However, the cost and technology 
implications of 3G systems mean that these services will not be ready for a mass market for at 
least two years. In the meantime, standards organisations and industry bodies have established 
a number of interim technologies upon which the mobile data market will be established. It is 
with the development and roll out of these interim technologies that the market opportunity for 
automotive applications may be established. 

The development of true 3G technology is being driven by a number of forces. These include 
governments, major standards organisations and major industry bodies in the 
telecommunications field. The umbrella name for European 3G technologies is UMTS 
(Universal Mobile Telecommunications System). Those closely connected to UMTS have 
forecast that there will be 1 billion wireless users by 2005 and 2 billion by 2010, when almost all 
wireless systems are expected to be 3G. When UMTS is complete it will offer wireless data at 
three different speeds – 2 Mbps for stationary wireless terminals, 384 Kbps in pedestrian 
situations and 144 Kbps in a moving vehicle.  

UMTS technology requires major investment in both equipment and network architecture. For 
the majority of European mobile-network operators, field testing of true 3G technology is 
scheduled to take place in the near future, with a proposed rollout consisting of trials and 
regional tests taking place in 2003. Full completion for some operators is not expected until 
2005, depending upon the results of initial trials. In Europe, licences granting access to the 
radio spectrum to deliver 3G services have already been allocated. 

4.6.1 INTERIM TECHNOLOGIES 

An evolution framework for moving from GSM to UMTS has been agreed by the GSM 
Association and the UMTS Forum. The framework is designed principally to enable service 
providers and network operators to get full value from their investment in infrastructure while 
gradually introducing new systems and services. The plan is for a phased implementation of an 
initial range of network overlay technologies, followed by the development of new 3G 
infrastructure. The interim technologies that will deliver mobile data services, until true 3G 
technology arrives, are GPRS, EDGE and HSCSD. 

General Packet Radio Service (GPRS)  

GPRS (General Packet Radio Service) offers a significant improvement in data-handling 
capacity when compared with GSM technology. GPRS is an overlay technology that channels 
and re-routes packet data traffic from the mobile network. The technology promises speeds of 
up 100Kbps compared to a fixed 9.6Kbps for GSM. It is in the handling of packet-based data, 
instead of circuit switching, that GPRS will give mobile network operators their first experience 
of Internet IP communications. The Internet also works by shifting around small packets of 
information. This is what gives it its communication robustness, as the packets can be 
redirected around malfunctioning nodes in the network. 
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GPRS is an attractive interim technology and it is growing in popularity following recent 
stabilisation of pricing structures by network operators O2 and Vodaphone, who have converted 
their existing cellular networks to handle GPRS traffic. It is estimated that early mobile data 
applications will be highly asymmetrical. Applications like web browsing, receiving email and 
downloading information will require that data is predominantly delivered in one direction – down 
to the consumer. These applications are well suited to GPRS which can download up to 4 
timeslots, and upload 1 timeslot, giving a gross data rate of 56Kbps download and 14.4 Kbps 
upload. 

Enhanced Data rates for Global Evolution (EDGE) 

EDGE (Enhanced Data rates for Global Evolution) is a second-phase GPRS technology. EDGE, 
like GPRS, is a packet-based data transmission format that will deliver up to 400 Kbps. Edge 
technology is reportedly favoured by mobile network operators because it uses bandwidth-
efficient packet data. It is also seen as the most applicable alternative technology for those 
network operators who were unable to purchase the licences for 3G services. 

High Speed Circuit Switched Data (HSCSD) 

HSCSD (High Speed Circuit Switched Data) is based on a dedicated circuit model and relies on 
an end-to-end connection like a telephone call. In essence this means that the user has a 
dedicated circuit or circuits assigned to the data call being made. The dedicated line raises the 
expectation that this approach will be more expensive than GPRS, but it does ensure that the 
user has a predictable data rate to support whatever application they are using. HSCSD works 
by grouping three consecutive GSM timeslots, effectively the bandwidth of three voice calls, to 
create a data channel of 57.6Kbs. The technology has high reliability and is ideal for supporting 
high-end, real-time data applications like mobile Internet access, video conferencing, mobile 
video telephony, mobile LAN access and multimedia information.  

4.7 Fourth-Generation (4G) Technologies 

The promise of mobile communications is firmly pinned to the developments of 3G technology 
based around improving the data rate associated with cellular phones. The infrastructure for 
such development is slowing being put in place and many of today’s mobile network operators 
have paid billions for the licences to build such services. However, there are an emerging series 
of fourth-generation technologies, based around wireless networking, that offer today the data 
rates and transmission capabilities that can only be envisaged by 3G telecommunications 
services providers in their roadmaps for the year 2020. The drawback of wireless networking 
technologies is that they work over a short range – measured in single and hundreds of metres 
– as opposed to the 30 km associated with GSM handsets. This makes them prohibitively 
expensive for use as a mass communications network as an excessive number of base stations 
would be required, but they do offer the promise of ‘islands’ of communication where high 
capacity wireless networking is available for the delivery of a range of high-bandwidth services.  
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4.7.1 WECA AND WI-FI (IEEE 802.B) 

In 1990, the IEEE 802 Executive Committee established the 802.11 Working Group to create a 
wireless local area network standard. The standard specified an operating frequency in the 2.4-
GHz ISM band. Seven years later, the group approved IEEE 802.11, the world's first WLAN 
standard with data rates of 1 and 2 Mbps. The Wireless Ethernet Compatibility Alliance (WECA) 
have established Wi-Fi as the leading market name for IEEE-802.11b-compliant systems. The 
IEEE committee also began work on an extension to 802.11 that would satisfy future needs. 
They have since approved two higher-rate physical-layer extensions to 802.11. They are 
designed to work with the existing 802.11 MAC layer, with one being the IEEE 802.11a – 5.2 
GHz, and the other IEEE 802.11b – 2.4 GHz. Recently 802.11g has been announced, which 
operates at 2.4 GHz and uses orthogonal frequency division multiplexing. 

The 802.11b protocol operates in the unlicensed 2.4-GHz ISM band, using DSSS (direct-
sequence spread-spectrum) transmission. Data is transmitted on BPSK and QPSK 
constellations at 11Msps. Maximum data rate is about 11 Mbps with fallback rates of 5.5, 2 and 
1 Mbps, depending on distance, noise and other factors. The range can be up to 100 m, but this 
too is dependent on the environment. In a protocol view, 802.11b only modifies the bottom 2 
layers of the 802 model, PHY and MAC, (OSI layers 1:Physical and 2:DataLink). Any LAN 
application, network operating system or protocol, including TCP/IP and Novell NetWare, will 
run on an 802.11-compliant WLAN as easily as they run over Ethernet. 

Thanks to 802.11b's high throughput, medium range and medium power consumption, a 
number of application have been designed and successfully implemented using 802.11b. Sales 
of network cards for laptops and desktop computers and Wi-Fi access points are constantly 
increasing. Together these allow the user to connect to wired LANs in airports , shops, hotels, 
homes, businesses, even city parks. Once connected the user can surf the net, send and 
receive email, typically the same applications the user would attempt on a wired LAN. This 
shows the success in using Wireless LAN to augment or even replace wired LANs.43 

However this all comes at a price: battery power. Due to 802.11b's power demand to sustain 
high throughput and medium range, only certain portable devices like laptops can supply this 
power for long and still retain a reasonable battery life. Pagers, handhelds, mobiles etc. are not 
so lucky; they don't possess the power to allow 802.11b to operate for long periods without 
directly impacting on their own performance. Table 14 summarises the features of Wi-Fi. 

Table 14 Features of Wi-Fi (WECA) 

Features of Wi-Fi 

Advantages Disadvantages 

It's fast – top capacity is quoted as 11 Mbps. 

It's reliable. 

It has a long range (1,000 ft/305 m in open areas, 
250 to 400 ft/76 to 122 m in closed areas). 

It's easily integrated into existing wired-Ethernet 
networks. 

It's compatible with original 802.11 DSSS devices. 

It's expensive. 

It requires an central access point. 

It can be difficult to set up and initialise. 

Speed can fluctuate significantly. 

Source: WECA 
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Wi-Fi offers Ethernet speeds without the wires, but this is paid for in network layout. Like 
HomeRF systems, the majority of Wi-Fi wireless transceivers available are in PCMCIA card 
form. But some manufacturers do offer PCI or ISA format cards, not just adapters.  

4.7.2 OTHER 802 WIRELESS STANDARDS 

The IEEE’s 802.11 wireless local area network committee’s series of standards remains 
dominant in the WLAN arena due to their tremendous industry support and the effective way in 
which the various standards development committees established by the IEEE have 
successfully gone about developing their individual protocols. There are two variants of the 
802.11 WLAN that are emerging as real contenders within the wireless networking arena to the 
incumbent 802.11b standard. They are 802.11a and 802.11g.44 

4.7.3 802.11A 

The 802.11a standard and the corresponding FCC spectrum regulatory status are already firmly 
established. Chipsets have been available for nearly a year, and several product vendors are 
now shipping 802.11a access points and radio cards. 802.11a differs from 802.11b in that it 
operates in the 5-GHz frequency band with twelve separate non-overlapping channels. This 
means that twelve network access points can be set to different channels in the same area 
without them interfering with each other, making it applicable for facilities with a high density of 
networked equipment. Also, because it operates on the uncrowded 5-GHz band it is much less 
likely to encounter interference. 

802.11a delivers up to 54 Mbps, with the capability to deliver even higher data rates by 
combining channels. Due to the higher frequency of 802.11a, the transmit range is significantly 
less that that of 802.11b, around 80 feet. This makes the system more expensive to install over 
large facilities because of the need for more network access points. 802.11a is however not 
directly compatible with 802.11b. Existing PC cards and radio cards equipped with 802.11b will 
not be able to interface directly to an 802.11a access point.  

4.7.4 802.11G 

802.11g is an extension to 802.11b, the basis of the majority of wireless LANs in existence 
today. 802.11g will broaden 802.11b's data rates to 54 Mbps within the 2.4-GHz band using 
OFDM (orthogonal frequency division multiplexing) technology. At the time of writing (late in 
2002), the 802.11g standard was still under development, with a final standard likely to be 
available by the end of 2002. However, pre-standard chipsets are available and it is anticipated 
that product vendors will start to release 802.11g radio cards and access points in late 2002 or 
early 2003. Because of backwards compatibility, an 802.11b radio card will interface directly 
with an 802.11g access point (and vice versa) at 11 Mbps or lower depending on range. The 
upgrade path between g and b is also simple, via relatively easy firmware upgrades. 

Information on the performance of the standard has yet to emerge. However, the range of 
802.11g at 54 Mbps is expected to be less than that of existing 802.11b access points operating 
at 11 Mbps. So current 802.11b users who want to profit from the greater bandwidth will most 
likely have to reconfigure their access-point layout to compensate for the shorter range. 
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Similarly to 802.11b, 802.11g operates in the 2.4-GHz band, and the transmitted signal uses 
approximately 30MHz, which is one third of the band. This limits the number of non-overlapping 
802.11g access points to three, which is the same as 802.11b. This compares unfavourably with 
802.11g's twelve independent channels. 

The big issue with 802.11g is the considerable RF interference from the plethora of current 2.4- 
GHz devices, such as cordless phones. The 2.4-GHz ISM band may be free to use worldwide 
but this has inevitably led to the development of a lot of wireless systems operating on the band 
and hence a relatively high risk of interference. 

4.8 HiperLAN 

HiperLAN2 is a new development in the field of high-speed wireless LANs. The HiperLAN2 
standard allows for increased speed, performance and mobility while retaining the security that 
customers have come to expect from wireless LANs. Operating on the unlicensed 5-Ghz band, 
the same band as 802.11a, HiperLAN2 has allocated frequencies in Europe, USA and Japan. 
The allocated frequencies provide a true broadband environment that allows large networks to 
be deployed without compromising performance.  

The HiperLAN standard was completed in 1999, the HiperLAN2 Global Forum, which includes 
Dell, Ericsson and Nokia, is promoting the latest version of the standard, which was completed 
in 2001, but (at the time of writing, in 2002) the first products to use the technology were not due 
to appear until late 2002. 

The HiperLAN2 standard is developed by ETSI (the European Telecommunication Standards 
Institute) as part of its Broadband Radio Access Network (BRAN) initiative. The spectrum at 5 
Ghz increases the overall capacity of wireless LAN, and HiperLAN2 has unique features that 
distinguish it from other wireless LAN standards. These functions allow the deployment of 
HiperLAN2 in a cellular or ad-hoc network in a variety of different environments, all while 
retaining full coverage at high data rates. The Traffic scheduling functions specified in 
HiperLAN2 support QOS (Quality Of Service) and allow real-time applications such as voice or 
video streaming. HiperLAN2 could also interact with 3G cellular systems allowing users to move 
more freely between different networks.  

 Table 15 Key features of HiperLAN 2. 

Key Features of HiperLAN 2 

High throughput Up to 54 Mbps (gross)  

LAN coverage Indoor 30 m radius Outdoor 150 m radius  

Quality of service 802.1p and ATM QOS 

Scalable security 56-bit to 168-bit key encryption (DES) 

Optional pre-shared or public key authentication 

Features Supports voice, video and multimedia applications 

Source: Beacon Link Ltd45 
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4.9 Assessment of Candidate Technologies 

This section presents a brief discussion of some of the key factors for successful adoption of a 
wireless technology by the automotive sector.  

4.9.1 DEVELOPMENT OF TECHNOLOGY AUTOMOTIVE PROFILE 

The automobile represents a unique and challenging environment for wireless communication. 
Both Bluetooth and GSM (cellular)/3G technology are actively courting the automotive sector. Of 
these, GSM (2G), 2.5G and 3G mobile network operators (MNOs) are advanced in developing 
products for the automotive arena. Specifically, the development of in-vehicle computers by the 
likes of Clarion and Delphion Automotive will ensure and crystallise the positioning of the first 
mobile device to integrate with the automobile, the mobile phone. Many of the current 
generations of Auto-PCs feature emergency call services and traffic information systems, which 
are delivered through strategic agreements with MNOs, mainly using 2.5G and 3G technologies. 

Likewise, the Bluetooth consortia are advanced in their establishment of a profile for the 
automotive environment, against which they have drawn up future requirements and are 
targeting development of Bluetooth technology to fulfil future needs. Many of the organisations 
involved in the Bluetooth consortium are actively developing software tools to enable 
penetration and uptake of the technology for automotive applications. One such developer (in 
the US) is Extended Systems, a leading provider of mobile data management and wireless 
connectivity solutions, which announced in May 2002 the availability of their XTNDConnect Blue 
SDK 1.1.4 for Windows CE. This is a full-source software-development kit that enables mobile 
device manufacturers to incorporate Bluetooth functionality into Windows CE/Pocket PC-based 
products. From personal digital assistants and PC tablets to automotive systems and industrial 
equipment, XTNDConnect enables developers to integrate Bluetooth functionality into a broad 
range of CE-based products. Through utilising independent vendors to successfully develop the 
enabling software for integrating Bluetooth functionality into a range of third party devices, the 
Bluetooth consortium have been highly successful in promoting the technology. 

HomeRF and IEE 802.11xx technologies remain very much focused on the home and corporate 
environments respectively. It is evident that the consortia behind each of these technologies are 
currently focusing the significant proportion of their efforts on capturing market share within 
these principal sectors.  

Limited developments are under way with IEE 802.11xx technologies. Leading automotive 
mobile-applications developer Zandiant are reportedly developing a system using 802.11xx 
technology as a high-performance wireless link to download music files into a car’s 
entertainment system. Similarly, Delphi Automotive Systems are spearheading a number of 
developments with regards to wireless networking for in-vehicle multimedia systems, following 
their plans to develop IEE 802.11xx links to a number of their products.  

However, the application of HomeRF and IEEE 802.11xx technologies within vehicles remains 
limited, not only due to the lack of specific automotive development, but also due to cost factors 
and form-factor issues; cards for the above wireless LAN technologies remain relatively 
expensive and lack integration capabilities for in-vehicle use. 
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4.9.2 TRANSMISSION CAPABILITIES 

The roadmap for future automotive entertainment developments shows the significant 
transmission and bandwidth requirements that face future wireless systems. Of the current 
networks available, 4G technologies hold the most promise for delivering the functionality, 
speed and transmission capability required to handle applications like real-time video-streaming 
and broadband Internet services. For example IEEE 802.11a technology offers data 
transmission capabilities in the region of 34-54 Mbps, which is well ahead of the 10 Mbps 
offered by today’s emerging generations of cellular networks. It is clear that today’s (and even 
the next generation of) wireless networks and protocols will struggle to provide the consistency 
of high bandwidth performance necessary to deliver real-time video to in-car terminals. Also, 
cellular solutions providers have yet to address the complexities for delivering and billing such 
network users.  

4.9.3 INTERFERENCE 

Interference is perhaps the biggest threat to wireless networks and wireless interconnects for 
use within the automobile. The car is a challenging environment and only a protocol that is able 
to overcome electrical and stray interference will prove reliable enough for the market. The 
unlicensed 2.4-GHz band has become one of the most crowded communications bands in the 
RF spectrum. As general market demand for wireless connectivity extends for the office to the 
home environment to environments like the car, 2.4-GHz wireless systems are being produced 
and purchased in greater volume than ever before. Industry research demonstrates that many 
of today’s wireless networking solutions interfere with each other to varying degrees.46,47 

It is clear that technologies that utilise Frequency-Hopping Spread Spectrum (FHSS) 
technology, as opposed to Direct Sequence Spread Spectrum (DSSS) technology are much 
more resilient to typical sources of static interference to be found when operating in the 2.4-GHz 
frequency band. DSSS products spread their transmission power thinly across the spectrum. 
Transmitted power in any specific segment of the band is low. As a result, low levels of 
interference can easily overpower the DSSS transmission. FHSS products, in contrast, use 
relatively high power in a narrow segment of the band for a short time. This allows the FHSS 
signal to overpower the interference.  

Multi-channel DSSS products use statically allocated pieces of the band. Interference in any 
significant piece of this allocated band, such as that from a microwave oven or electric motor, 
will interfere with the transmission, possibly destroying it entirely. All channels in an FHSS 
network hop around the entire 2.4-GHz band. Strong interference in a segment of the band will 
hamper some of the transmissions but FHSS transmitters will use the remainder of the band to 
transmit effectively. Users will see a decrease in throughput but the network should continue to 
operate. 

Furthermore, it is evident that technologies that apply further intelligence to detecting 
interference and adjusting their transmission patterns to avoid loosing transmitted data – such 
as HomeRF – stand to perform best as the 2.4-GHz band becomes even more crowded. 

The effect of interference upon the wireless networks is a reduction in data throughput which 
can be significant, up to 60% in some cases, as above. The effects of such interference serves 
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to further degrade the capability of wireless networks to deliver the bandwidth required for many 
forecast automotive data applications. 

Figure 22  Effect of Bluetooth on Wi-Fi at 10cm.  

 

Source: 48 

4.9.4 SECURITY 

Security of transmission is a major concern for those considering implementing wireless 
services in cars. As has been proven in the conventional cellular world, many so called bullet-
proof wireless protocols have been found wanting in the face of the world’s criminal and hacker 
communities. Security in automotive systems will be much more critical to driver safety. The use 
of wireless networks and interconnects to unlock doors and start electronic ignitions brings with 
it the concern that driver safety can be compromised. Whilst many of the currently developing 
applications for wireless automotive systems are not critical to the performance or operation of 
the car, there would be a significant amount of distrust in the technology if, for example, Auto-
PC functions could be interfered with by pirate radio stations or malicious hackers.  

One of the problems with wireless transmission is that it is omnidirectional. Unauthorised users 
and eavesdroppers can sit some distance away from where someone else is transmitting, 
receive data packets and store them. Wireless networks have taken some hits recently over the 
quality of their security. One of the most prominent wireless LAN standards, IEEE 802.11b, is 
considered particularly vulnerable and prone to attack, which is unfair but impacts upon the 
industry as a whole. 

 Prime Faraday Technology Watch – May 2003 62 
 



Wireless Applications for Automotive Products 
 

802.11b maker’s use a system called WEP (wired equivalent privacy). This system uses 40-bit 
encryption technology to deliver a degree of security to wireless-network users. However, the 
technology was developed only to provide an equivalent level of security to that found in an 
unencrypted wired Ethernet network. But such networks have the added benefit that they are 
physically protected from eavesdroppers by being in secure buildings etc. Thus, high-profile 
incidents have shown that determined hackers can penetrate wireless networks given the 
appropriate time and equipment. Many wireless-network developers also offer further levels of 
security, such as 128-bit encryption and improved network management, to ensure that data 
security is not compromised. 

Table 16 Strengths and weaknesses of wireless technologies 

Relative strengths and weaknesses of wireless connectivity technologies  

Advantages Disadvantages 

Bluetooth 

Strong industry backing 

Easy and convenient to use 

No line-of-site restrictions 

2.4-GHz radio frequency allows worldwide use 

Small, lightweight design 

Qualification program ensures that all Bluetooth 
products meet usability expectations 

An immature technology that needs to establish a 
market position 

High power consumption in first-generation devices 

May interfere with technologies using the same 
frequency band 

Questions over security 

Compliance issues within certain countries 

802.11b   

Provides highest bandwidth of all current wireless 
standards 

Fast and reliable connection at speeds of 11Mbs 

High levels of encryption 

Relatively expensive and heavy 

Focussed on the corporate space, so does not 
have the potential scope of Bluetooth 

IrDA  

Established technology 

Wide range of supported hardware and software 

High data rates (currently 4 Mbps, 16 Mbps under 
development) 

Will not interfere with radio frequency-based 
technologies 

Requires direct line of sight 

Has the lowest range of wireless standards 

Difficult to use – requires significant user input 

HomeRF 

Can support up to 127 devices 

Provides four voice channels in addition to a 1-5 
Mbps data channel 

Key proponents of the technology, including 

Microsoft, are shifting focus toward other solutions 

May interfere with technologies using the same 
frequency band 

HiperLAN2 

Approved for the European 5-GHz spectrum 

The fastest wireless technology, with speeds of 
up to 54 Mbps 

Relatively low industry backing 

Source: Datamonitor.49 
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For in-vehicle systems the approach may need to be similar as services that require the driver 
to be charged develop. As vehicle-identification and tracking technology become more 
widespread, criminals will increasingly turn to technology to defeat future vehicle security 
systems. In this context, wireless technology must not be seen as a potential Achilles heel, 
leaving a chink in an automobile’s armour. To counter this threat to wireless many standards 
employ 64-bit and 128-bit encryption techniques that make it very difficult for the casual hacker 
to crack. Also technologies that use frequency hopping are very difficult to intercept without the 
use of highly sophisticated equipment. 

Overall, the security of wireless networks remains an issue and it is often the case that security 
holes in wireless standards, like computer software, are not recognised and understood until the 
system is placed in the field.  

4.9.5 WIRELESS NETWORKS STRENGTHS AND WEAKNESSES 

The success of a wireless technology ultimately depends on a number of factors which must be 
related to the application at hand. Table 16 highlights some of the strengths and weaknesses 
associated with a number of leading wireless standards. Strong industrial support is crucial to 
the successful development and adoption of any communications standard. Standards such as 
Bluetooth, IrDA and 802.11 enjoy such support. They are also underpinned by highly focused 
development groups and bodies such that they are able to respond effectively to changing 
market conditions which require them to expand or redevelop their wireless approach. As such, 
these technologies along with the wide area networks provided by current GSM and mobile 
communications technologies look set to be the main platforms around which in-vehicle 
connectivity will be developed.  
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5.0 Environmental Developments 

The environmental impact of introducing wireless technology into the automotive sector 
depends in part upon broader system-level developments within the automotive market and 
developments wider afield in legislation and regulations. 

There are a number of developments unfolding on the global stage to which automotive 
manufacturers are finding they must respond. These issues have been raised to the level of 
international concern by their potential impact on the global environment. The main areas are 
the effects of climate change, Inefficient transportation systems and sustainable manufacturing . 

Climate change is one of the greatest environmental threats facing the world today. Globally, 
the balance of evidence now points to a discernible human influence on the earth's climate 
through the emission of greenhouse gases. Contributing in a major fashion to this source of 
pollution is the increasing number of personal motor vehicles. In the UK, transport's share of 
emissions of the main greenhouse gas, carbon dioxide, has grown from around one tonne in 
eight in 1970 to more than one tonne in four in 1995; it is set to grow still further. Four-fifths of  
emissions from transport come from road vehicles.50 

Figure 23  Transport pollution  

 

Source: DTER. 

Motor vehicle technology has progressed to address a number of the major pollution issues 
associated with vehicle use. Modern vehicles are designed to be more fuel efficient and utilise 
less resources than previous generations of vehicles. However, the vehicles themselves are not 
the only concern. Increasingly overburdened transportation systems are viewed as sources of 
major concern. Traffic jams, congestion and overcrowding are common features in nearly all 
areas of the developed world’s transportation networks, as the sheer number of vehicles 
outpaces the infrastructure. This problem is seen as compounding the pollution aspects of 
vehicle use, resulting in inefficient journeys and excessive travel times which significantly add to 
vehicle pollution levels. 
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5.1 The Position of Europe 

Environmental concerns present a number of technology as well as business issues for 
countries all over the globe. North American companies continue to lag behind their Japanese 
and European competitors in development of ‘environmentally conscious’ products. Foreign 
environmental regulations currently in development focus on products and may include ‘take-
back’ requirements, as well as electronics recycling and hazardous waste regulations. Costs 
associated with environmental compliance and waste product disposal are soaring and 
impacting competitiveness in world markets. Major Japanese manufacturers have announced 
aggressive environmental goals. 

The major technical challenges are to minimize the environmental impact of products at the end 
of their life and to enhance their reusability, and to eliminate the identified materials of concern 
throughout the electronics infrastructure by identifying, developing and qualifying alternatives. 

Economic development without transport growth has long been an objective of European 
transport policy, but it has proved an elusive goal. The broad objectives of UK transport policy, 
which is aligned with Europe’s, includes reducing road-traffic growth, responding to the 
challenge of climate change and reducing the use of non-renewable materials and energy 
sources. 

To counter the increasing levels of pollution associated with freight traffic and goods vehicles, 
European transport policy decision-makers have looked to two approaches: social engineering 
and the use of improved vehicle technologies. 

In combination with the adoption of broad initiatives aimed at reducing the appeal of cars, 
raising the costs of private vehicle ownership and improving public transport, European policy 
recognizes that to make vehicles more efficient and reduce congestion requires a number of 
advances in technology.  

The application of greater technology is seen as vital to relieving vehicle congestion through 
improved driver information systems, better vehicle tracking for efficient journey determination, 
and improving vehicle efficiency through weight reduction, reduced emissions – through better 
engine management control – and related vehicle systems advances. 

European policy is also forcing automotive manufacturers, like their counterparts in the 
electronics industry, to consider the complete lifecycle of their product and plan accordingly for 
end-of-life re-utilization of vehicle materials. 

The European Commission White Paper, ‘European transport policy for 2010: time to decide’, 
highlights that technological developments will also be key to enhancing the usual methods of 
vehicle control, with the specific introduction of automatic devices and on-board driving aids. 
The white paper speculates that advances in technology will serve to streamline many vehicle-
related processes. One example of technology use is the eventual fitting into road vehicles, as 
in other forms of transport, of black boxes to record parameters which help explain the causes 
of accidents. It is envisaged that these will make motorists more responsible, speed up court 
proceedings following accidents and therefore lower the cost of court proceedings, enabling 
more effective prevention measures to be taken to control driver behaviour.  

The EU has considerable responsibility for encouraging the deployment of innovative 
technologies that should lead to the introduction of safer vehicles on the market. Intelligent 
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transport systems are another opportunity, and broad provision for them is made in the eEurope 
plan adopted by the Feira European Council in June 2000 and confirmed by the Stockholm 
European Council in March 2001. Such plans encourage the introduction of active safety 
systems for all new vehicles, the generalisation of which could be facilitated by a Community-
level agreement with the automobile industry. Fitted with innovative technologies, for example in 
the area of traffic management and collision-avoidance systems, such vehicles hold out the 
prospect of road safety being improved by 50%.  

The EU is very keen to reduce the current level of automotive fatalities. In the same context, 
current progress with tyres (reduced water projection for HGV tyres, improved road holding on 
slippery surfaces, warning system to indicate under-inflated tyres) should in the short term make 
for reduced fuel consumption and rolling noise while maintaining a high level of safety, which 
should produce a 10% saving on fuel and around 1000 fewer deaths per year Europe-wide.  

Protection of vehicle occupants in the event of impact is progressing remarkably. Electronic 
systems will enable new smart protection devices (airbags for example) to adjust for the number 
of vehicle occupants, their morphology and the nature of the impact so as to provide more 
tailored protection. Reminders to put safety belts on will become standard vehicle equipment. 

Finally, as the volume of traffic increases, better vehicle-speed management is an essential 
aspect of safety that will also help tackle congestion. In addition to improved road safety, 
observation of speed limits will also reduce greenhouse gas emissions significantly. The most 
promising prospects here are offered by new technologies that can determine optimum speed at 
any moment with reference to traffic conditions, road features and external conditions (such as 
weather) and pass the information on to drivers by way of information display boards or on-
board communication systems. Roads and vehicles throughout the EU need to be equipped 
with these new technologies as soon as possible, and information systems made accessible to 
everyone. 

5.2 The Potential for Wireless Technology 

Wireless technology holds promise as an enabler of a number of in-vehicle and external 
applications that will have a positive effect on lessening the impact of motor-vehicle 
manufacture, use and disposal on the environment. 

5.2.1 IN-VEHICLE SYSTEMS 

In-vehicle electronics promise better environmental performance for a wide range of vehicles. 
The main outcomes are the potential for optimised performance of the vehicle and a subsequent 
reduction in fuel, oil, coolant and consumables such as tyres, brake pads, oil filters etc., which 
will result in less emission pollution and lower materials usage through a vehicle’s lifetime. 

A further area is tyre pressure and temperature detection. Whilst this has a higher degree of 
safety and economic importance in the context of the goods vehicle market, such systems are 
at last finding their way into private vehicles. Incorrect tyre pressure can significantly affect fuel 
economy. The use of such systems within private vehicles offer increased fuel efficiency and 
reduced emissions. 
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5.2.2 ENGINE MANAGEMENT 

There is speculation that next-generation engine management systems, with a higher degree of 
intelligence, will enable adaptive control of engine functions such as combustion, resulting in 
improved fuel use and reduced emissions. It is the case that advanced control systems will be 
able to inform the driver when his or her vehicle’s performance is outside acceptable emission 
tolerances. An increase in in-car sensors and intelligence also offers the potential for wider 
efficiencies to be gained in in-car electrical systems management, such as the use of wipers, 
lights, heaters and climate controls. The number of electrical and electronic systems on future 
vehicles will challenge wire-harness technology and open the door for consideration of wireless 
systems. 

5.3 External Applications 

The area of telematics offers great potential for improved vehicle efficiency. Principal benefits 
are improved levels of driver information, greater opportunity for traffic management and control, 
and greater tracking of vehicles and their components for recycling and informed decision 
making. 

5.3.1 JOURNEY-TIME REDUCTION 

Wireless technologies offers immense potential within the area of journey-time reduction by 
enabling information and communication systems that will impact on journey planning, journey 
time and navigation. Improved driver information systems offer the potential for better informed 
drivers to avoid delays, accidents and congestion, and thus reduce journey times resulting in 
fuel savings and reduced emissions.  

5.3.2 TRAFFIC CONTROL 

In the wider context, wireless technology offers infrastructure controllers a number of advanced 
options for traffic management and control. Wireless communication combined with in-vehicle 
systems will enable the development of a range of traffic-management measures that can be 
tailored to negate the impact of vehicles on the environment. Initial applications are tolls for 
vehicles entering clean zones and restrictions on traffic entering congested areas.  

Electronic toll collection (ETC) is a key driver for the implementation of wireless technology in 
motor vehicles. ETC systems take advantage of vehicle-to-roadside communication 
technologies to perform an electronic monetary transaction between a vehicle passing through a 
toll station and the toll agency. Although the hardware requirements are quite numerous (for 
example, ETC systems would require on-board units (OBU), vehicle detection and classification 
as well as enforcement technologies), there are a number of benefits to be attained from this 
technology: 

• increased toll lane capacity 
• reduced motorist waiting time 
• convenience for toll payers 
• fuel savings and a decrease in mobile emissions by reducing or eliminating waiting times 
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• reduced toll-collection costs and enhanced audit control by centralizing user accounts 
• greatly enhanced possibility of implementing congestion pricing by breaking technical 

barriers (non-intrusive toll collection requires much less infrastructure, automatic vehicle 
counting and classification and automated accounting systems)  

• substitution of technology for a person (or coin machine) manually collecting tolls at toll 
booths and the convenience of transactions performed while vehicles travel at (almost) 
highway cruising speed 

• the efficiency of ETC systems soon to emerge in implement congestion pricing. 

ETC systems are currently being used throughout Europe and the United States, but on a more 
limited basis in Australia (Melbourne City Link, Sydney Harbour Bridge and Tunnel), South 
America (São Paulo, Brazil and Santiago, Chile) and Asia (principally in China and Japan). 

Encouraging queuing vehicles to switch of their engines in static traffic jams are an area where 
the potentials for emission reduction are significant. Legislation is already in force in Europe 
which force drivers to reduce their emissions in this way, however, new technology will make 
the application and monitoring of adherence more realistic. It is envisaged that such charge 
schemes would directly generate revenue that could be utilised to relieve traffic congestion 
through infrastructure redevelopment. 

Smart traffic prioritising systems and intelligent public transport routes are other developments 
that would be enabled by a wireless transportation infrastructure and which would have positive 
impacts on the environment through reduced private vehicle journeys. 

Active Speed limits for traffic management and congestion control are a basic feature of some 
of today’s more traffic-swamped roads. The development of these systems in conjunction with 
wireless technology would enable greater congestion control. 

5.3.3 RECYCLING 

The End of Life Vehicles Directive, aims to cut waste from disused cars as well as encourage 
recycling of their various components, by establishing a network of approved specialist disposal 
or recycling plants. Currently 75% of the weight of each car – mostly parts and metal – is 
recycled.51 Other materials, including plastic, glass and rubber, prove more difficult and these 
end up as landfill amounting to around 0.3 per cent of total UK controlled waste.52 

The Directive stipulates that from 21st April 2002 dumped cars will be re-classed as hazardous 
waste, which has implications for their disposal. The Directive makes it a requirement that cars 
produced after 2007 will be accepted into a then established recycling system with no charge to 
the last owner. The implications for 1.5 million UK vehicles that will reach the end of their lives 
each year up to the 2007 deadline is unclear, raising the potential for these vehicles to be 
dumped by their owners to avoid increased scrapping costs.53 

Currently, in the absence of proper nationwide figures, the Department for Transport has to 
estimate, the number of vehicles abandoned and scrapped each year. It was estimated that in 
the UK in 2000, 350,000 cars were abandoned, while 1.8 million were scrapped. Innovative 
RFID technologies offer the potential for full tracking of automotive components, through the 
supply chain, through manufacture, out to the customer, through to their eventual point of 
recycling or reuse. 
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The adoption of this technology has the potential to radically improve the monitoring of vehicle 
life-cycle processes. The improved depth and reliability of such information has a number of 
implications, such as their utilisation by vehicle manufacturers, in tracking the numbers of their 
product in the marketplace in line with expected quotas, and enabling a greater depth of vehicle 
information to be available to transport planners and decision-makers regarding vehicle 
numbers, emission and recycling levels. 

5.4 Wire Replacement 

The automotive sector makes extensive use of wiring in harnesses for a variety of on vehicle 
control applications. During the last few decades, the evolutionary development of in-car 
electronics has led to a significant increase in the number of interconnecting cables within a car. 
The trend to incorporate increasingly sophisticated electronic modules and devices within 
vehicles is pushing wiring-harness technology to its physical and performance limits.54 

A significant direct impact of wireless technology not attributable to its enabling capabilities is 
the potential reduction in the number of physical wires and interconnects that could result from 
its adoption. Replacing wires in cars with a wireless interconnect system would have a number 
of advantages, not least the reduction in complexity of a typical vehicle wiring system. Such a 
development would allow manufacturers to adopt standard interconnect modules from which 
they would be able to reap wider benefits. One such would be a potential reduction in wire-
harness assembly errors. As harnesses become increasingly complex their manufacture 
becomes more labour intensive. Their manufacture is thus increasingly outsourced to countries 
with low labour rates. The use of standardised wireless modules would completely negate this 
process for a number of in-car systems. 

Aside from the above general benefits, the use of wireless interconnects for a range of in-car 
and external applications has the following potential environmental benefits: 

• reduced number of interconnects (wires) 
• less raw material usage 
• easier recycling 
• reduced vehicle weight and required wiring volume (space saving). 

5.4.1 CURRENT LEVELS OF WIRE USAGE IN THE AUTOMOTIVE SECTOR 

The length of cable used varies significantly for each make and model of vehicle. Typically a 
small vehicle such as the Fiat Punto will use some 500 metres of wiring, and an S-Class 
Mercedes will require some 1,600 metres of cabling. However, a luxury vehicle such as a top-of-
the-range BMW – with systems such as remote boot and door locks, adjustable mirrors, electric 
windows, power adjustable seats, climate control and an in-built navigation system – will use 
some two or three kilometres of cables. As many of the electronic systems such as climate 
control, active suspension and skid management, start to appear on lower-range cars, the 
wiring requirements will increase dramatically. Some of the many applications associated with 
wire use within cars are highlighted in Table 17. 

In actuality, the real figure for the use of copper-cored cable in current top-of-the-range vehicles 
is closer to five kilometres when consideration is take of the number of individual wires that 
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comprise modern multi-core cable.55 Given that the expansion of the use of wiring in cars is set 
to mirror the growth in automotive electronics, then the task of routing numerous wires around a 
modern vehicle becomes a challenge.  

Table 17 Automotive applications of wire and cable 

Automotive applications of wire and cable 

Engine 

Special cables 

Winding wires 

Coils and transformers 

Optical bus 

Power source 

Micro control system 

Abs 

Starter/alternator 

Starter/alternator harness 

Fibre-optic control 

Electric vehicles 

Injection 

Interior/Exterior 

Special cables and 
sensors 

Winding wires 

Printed circuits 

Harnesses 

Antenna 

Lighting fixtures 

Air bags 

Electric windows, seats 

Dashboards 

Air conditioning, lighting 

Radio/mobile phone 

Source: Polymers for Wire and Cable. Keith Cousins. RAPRA. (2000). 

Automotive manufacturers around the globe are facing more restrictive regulation on both 
vehicle production levels, performance levels and recycling. Such regulation is driving 
manufacturers to deliver vehicles with greater fuel economy and greater recyclability. It has 
been noted that on both counts, wiring harnesses have a negative environmental impact 
compared to wireless technology. Harnesses are getting heavier and make extensive use of 
valuable raw materials such as copper. They are also notoriously difficult to recycle, meaning 
that currently they end up as landfill. In this area alone, wireless technology has the potential to 
deliver significant benefits to the automotive sector. 
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6.0 Conclusions 

Telematics and wireless interconnectivity is clearly a technology whose time is coming. The 
growth in in-vehicle electronics, computing power and networking will demand connectivity to 
the wider world through some form of wireless communications medium; the mobile nature of 
the car makes this inevitable.  

However, the eventual nature of telematic and in-vehicle wireless applications is not so clear. 
There is much hype that surrounds future developments as mobile network operators, wireless 
standards developers, software developers and the automotive manufacturers all seek to 
position themselves and their technologies to best market advantage. Thus, some of the 
fantastical applications of wireless and in-vehicle computing technology, such as automatic 
filling of vehicles at petrol stations, remain a dream that may not see the light-of-day for the 
majority of vehicle users for many years to come. 

Wireless technology has significant potential to bring convenience and greater functionality to 
car users. Given the highly competitive nature of the automotive sector, it is clear that driver and 
passenger convenience are and will increasingly continue to be significant competitive and 
differentiating factors for vehicle manufacturers. 

Two major applications for wireless technology over the short to medium term are envisaged. 
Firstly, the technology will be used to supply the driver with the data and connectivity required to 
support the emerging generation of Auto-PCs. Such services will include emergency-call 
services and traffic and navigation information. Secondly, a high-speed wireless interconnection 
technology is required to enable the integration into the Auto-PC of mobile devices. These 
mobile items will initially be mobile phones and laptops but it is envisaged that they will 
eventually evolve in PDAs and mobile universal computing and voice communications products. 

The automotive environment presents a significant challenge to existing wireless standards. 
Whilst current GSM, 2.5G and 3G technologies have been demonstrated as sufficient to deliver 
some of the first generations of telematics and in-vehicle wireless functionality speculated upon, 
their performance falls short of the promises made for video-on-demand and mobile Internet 
browsing in cars. Critically it is these features that are emerging as user expectations. 

In terms of network and transmission performance, 4G technologies are evolving that promise 
to deliver the bandwidth and transmission characteristics to make high-bandwidth services, 
such as video-on-demand, available to mobile users. However, the route to their economic 
development into networks of sufficient coverage to service cars users is unclear. 

Vehicle manufacturers face many environmental requirements relating to the performance of 
their products and recycling. The potential for wireless technology in the role of interconnects is 
to reduce the significant use of raw materials in wire harnesses. For many interconnection 
applications, the use of wireless technology in cars is considered unsuitable in terms of safety, 
security and the lack of certainty that signals will reach their destination. However, it is 
anticipated that as in-vehicle networking evolves and manufacturers become more comfortable 
with using reduced wire numbers and developing standard network attachment modules, the 
opportunity to integrate wireless connectivity/communications modules and make use of them 
will be a significant area of future exploration.  

Wireless and computing technology are rapid evolvers. It is evident that they, along with 
electronics in general, will play an increasing role in future automotive vehicles. The 
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convergence of these technologies into the automobile platform promises to deliver new 
services, greater information and convenience, and improved driver safety and comfort. 
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Appendix 1 Entertainment Systems Capabilities 

Infotainment System Features 
 
1. Entertainment. Today's radio/CD-based auto entertainment system will add features such as 
interactive computer games, MP3 audio players, and satellite music services. 
2. Telematics. A term originating in Europe which refers to wireless communication related traffic and 
vehicle operational aspects for an in-vehicle network. With the convergence of telematics and 
infotainment systems, these two terms are beginning to be used interchangeably. 
3. Spontaneous Joining. Connectivity with mobile devices and ‘hot synchronization’ with service 
providers will keep car occupants in touch with the outside world. These capabilities will also allow 
ongoing links with auto repair/service networks to provide features such as vehicle diagnostics and 
service alerts. 
4. User Interface Consolidation. Infotainment and vehicle control functions will be integrated into a 
‘Virtual Dashboard’, consisting of a colour, flat-panel display that is augmented by voice synthesis and 
recognition. This display will provide context-sensitive views, by restricting data views or 
announcements to information that is pertinent to the driver's situation at that moment. The virtual 
dashboard will eliminate clutter and distraction, while promoting safety. 
5. Service Integration. Sensor devices or user-specified events may generate alerts or requests for 
specific services. For instance, sensors detecting powertrain problems could automatically alert a 
service centre, while tire sensors detecting flats could alert towing services. They may also include links 
that can be customised. For instance, in the event of an accident, the system can be programmed to 
automatically notify family, physician, and if appropriate, the next appointment in the built in diary. 
Additionally, application could be designed to collect key operational data (e.g., tire pressures, battery 
levels, oil pressure, braking and transmission system status, etc.), perform trend analysis of vehicle 
performance, and if warranted, communicate that data to dealer/service networks. 
6. Information Services. Today, automobile occupants rely on radio broadcasts for news and other 
current developments. The next wave of infotainment systems will carry a vast selection of time-critical 
information update services, ranging from news headlines to personal investment portfolio and stock 
price updates, weather, traffic conditions, tips for avoiding traffic delays, sports scores, and movie or 
theatre show times. Additionally, personal productivity PDA applications such as calendar, event 
planning, and portable versions of business applications may also be provided. 
7. Convenience. Today’s GPS navigation systems will be improved with dynamic routing instructions 
that are updated with real-time traffic reports. Additionally, other geographic services, such as roadside 
assistance and stolen car recovery can be easily incorporated under this service umbrella. 
8. Communications. Next-generation infotainment systems will include docking bays for portable cell 
phones and PDAs. They could also deliver voice-activated email service, voice over IP (VoIP), high 
bandwidth downloads from retail outlets (e.g., gas stations) for data or software/service upgrades, while 
enabling the integration of automotive operational and safety services described above. 
9. Commerce. Today’s electronic toll collection can be augmented with companion systems that order 
ahead for pizza or fast food, purchase movie tickets, and other items that are often bought during local 
errands. 
10. Security. Infotainment systems can be used to intelligently control who gets access to any feature of 
the car. For instance, different levels of access to infotainment services can be made to drivers and 
passengers. 

Source: Sun Microsystems.56  
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Appendix 2 SAE J1850 In-Vehicle Network Definitions 

Class A networks are at the low end of available multiplexing solutions. Ideal for broadcasting 
the states of devices such as switches, they operate at data rates of around 1–15Kbps 
depending on the specific protocol used. An example of a typical Class A application is for non-
safety events that do not require a quick response, such as a networked door module that 
recognises when an occupant wishes to open an electric door or adjust an electric wing mirror. 
The development of such a control module would allow all of the switches and devices located 
within a portion of the car, such as the door, to be interconnected by a significantly reduced 
number of wires and offer the promise of a cheaper option to bolt on extra features, such as 
new in-door speakers, at minimal cost. An existing Class A network is the Motorola Interconnect 
Bus which was developed in 1991. Class A networks have limited error-checking capabilities 
and send/receive options. 

Class B networks operate at higher data rates and utilise greater error-checking in handling the 
messages between electronic modules. This greater data-handling capability and error checking 
enable Class B networks to handle true multiplexed data, where a single data transmission has 
relevance to several in-vehicle modules at the same time. Class B networks are more expensive 
to implement than Class A, but they have the advantage of performing all the functions of a 
Class A network and more. An example of a Class B network is the SAE J1850 bus. 

Class C networks are envisaged as the ultimate for in-vehicle networks. They possess the 
fastest data rates and extensive error-checking capabilities. Such features make them capable 
of the real-time transfer of even safety-critical data between modules. They can be used for 
engine management and control  and anti-lock braking, where events are simultaneous and 
responses must take place quickly. Their development offers future vehicles extensive 
connectivity potential and they promise to replace a significant proportion of today's in-vehicle 
wiring. They promise to pave the way to control modules situated around a vehicle that are 
connected by a low number of wires. It is envisaged that future cars will contain a dedicated, 
hardwired control and power bus. However, the opportunity exists for the control modules 
themselves to be wireless enabled, which would provide for nearly unlimited device connectivity, 
e.g. an in-dash module wired to the car’s main bus could be used as the link to enable the in-
vehicle use of a wide range of electronic devices from in-vehicle sensors to laptops, mobile 
phones, PDAs and wireless links from external sources. Examples of Class C networks include 
CAN, developed by Bosch, and VAN, owned by Peugeot and Renault. They offer the 
functionality of Class A and B networks and are the most complex and expensive to implement. 
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