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main areas of policy that CVIS will affect. It is intended to give rise
to debate and does not provide solutions to policy questions. The
target audience is policy makers seeking to understand where and
how CVIS might impact on policy areas including network
management, road safety, environment and sustainability, vehicle
and systems approval, driver training and licensing and
telecommunications.

It is clear that the complexity of the policy environment of CVIS
creates a major challenge. There has to be co-ordination between
those who have a policy influence in all those areas. The
institutions and mechanisms to achieve this have yet to be devised
and put in place. This must be addressed otherwise a lack of
policy and policy co-ordination could become a significant barrier
to deployment.
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Abbreviations and Definitions

Abbreviation Definition

ADAS Advanced Driver Assistance Systems. Vehicle based sensor and
computing that provides drivers with advice about safety and
performance and can assist with the driving task.

AHS Automated Highway Systems

CVHS Cooperative Vehicle Highway Systems

CVIS Cooperative Vehicle Infrastructure Systems

ITS Intelligent Transportation Systems

V2V Vehicle to vehicle
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Executive Summary

The capability to link vehicles to the roadside and to each other through seamless
communications channels (Cooperative Vehicle Infrastructure Systems — CV1S) creates many
opportunities for far reaching innovations in the way the road network is used. A
corresponding change in policy thinking and bridging the gap between infrastructure
providers and operators and vehicle manufacturers to gain the co-operation needed require
significant challenges to be addressed. The CVIS Project primary objectives are to
demonstrate the feasibility of an open, interoperable technical solution that can support
diverse information based applications. However, the CVIS Project acknowledges that any
use of CVIS raises a number of very broad non-technical issues. These areas are being studied
within the Deployment Enablers workstream of the project and this document considers the
policy aspect. This document considers the potentia of the full range of CVIS, not solely
those applications and technol ogies being demonstrated within the CVIS Project.

The objective of this document is to provide an overview of the main areas of policy that
CVIS will interact. It is intended to give rise to debate and does not provide solutions to
policy questions. The target audience is policy makers seeking to understand where and how
CVIS might impact on transport, economic and other policy areas. It will aso be of relevance
to technology, product and service developers seeking to understand the relationship of their
developments to policy at European, National and local levels.

The growth of congestion and its undesirable economic, environmental and social effects
represents a major concern for transport policy makers. The use of CVIS to provide co-
operative monitoring greatly enriches the available data and this in turn leads to a greater
knowledge about, and understanding of, the way the road network behaves under a variety of
conditions. This knowledge can then be used to improve the way congestion is managed. The
policy may be based on giving more priority to certain groups within the traffic stream, e.g.
public transport vehicles, high-occupancy vehicles. It may also be used to provide re-routing
to approaching vehicles.

What might encourage an individual to alow their vehicle to be used as a data collection
probe? One way is to appeal to “civic duty” to provide information to a public sector pool
accompanied by a guarantee of anonymity. Another route is to make it a civic obligation in
return for some privilege, e.g. access to certain areas or lanes that provide some individual
benefit or a fiscal incentive such as a discount on toll or parking charges. An alternative
approach is to encourage the growth of “community” based services that collect and share
information as part of a more atruistic arrangement but one that is not controlled by
government at any level.

There are policy questions relating to the ownership and sharing of data. The first area of
concern is whether data can be used to identify an individual and hence what is the policy on
privacy? If, as seems most likely, the data is being collected by a private sector organisation
as part if its service provison what are its obligations in respect of sharing data with other
commercia parties or the public sector? Similarly, is the public sector obliged to make data
available to individuals or commercial organisations, for example under data protection or
freedom of information legislation, and what is the basis?

CVIS has a number of ways it can interact with traffic control systems. The policy question
relates to how strong that interaction is and whether the network operator is adopting a highly
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assertive approach where the infrastructure system takes a significant amount of control, e.g.
limits maximum speed, slows vehicles on approach to junctions, or whether CVIS techniques
are used to improve the information available to drivers to support “better” decision making
by travellers. The two approaches are not mutually exclusive and the more passive approach
may be used first and then gradually “hardened” in order to reach the policy targets.

One set of applications that could benefit substantially from CVIS are those related to travel
planning and en-route information. A user will subscribe to a commercia information service
on the grounds that they receive some value from it and that is possibly gives some advantage
over travellers using an alternative service or those without information. The network operator
will put out information to influence traveller’ s behaviour to make the network operate in the
most effective way given the broader transport policies that are in place. This will also bein
conjunction with the traffic control strategy. These two different sources, commercia service
and network operator, may give different advice because the individual travellers optimum
and the network best options are not necessarily the same. At present it is down to the user to
decide which advice to follow. This has already started to raise issues when navigation
systems instruct drivers to take unsuitable diversions, or even to make illegal manoeuvres.
CVIS may reduce these mismatches by keeping information more current through on-line
updates but there will need to be a policy developed that allows greater harmonisation of
advice between private services and network management.

Road pricing and parking management use price mechanisms to regulate the demand for finite
guantities of road capacity and parking space. CVIS is not required to implement such
schemes but it can be used to increase the flexibility of the scheme and could play arole in
improving acceptability and compliance. From a policy perspective the question is to what
extent CVIS can enable barriers to implementation to be overcome and how can it improve
the efficiency and effectiveness of demand management schemes in the longer term?

One of the major sources of concern is that by improving the traffic flow further latent
demand is released which means that the situation in respect of congestion, safety and
environmental impacts may not improve. In other words, it can be argued that CVIS merely
promotes travel by car and reinforces al the issues of long term lack of sustainability. Whilst
thisline of argument is clearly very powerful it isbased on viewing CVIS in competition with
alternative approaches. This is not the case. The current road network can be made more
efficient and more reliable through CVIS. This serves to maximise on the investment already
made in fixed infrastructure.

One key aspect of CVIS isthat the dynamic alocation of available capacity by type of vehicle
or trip purpose becomes possible. Thus, a policy of making traffic lanes available to public
transport and high occupancy vehicles can be implemented without necessarily needing
physical changes to the road. Freight movements can be managed more directly as well. Thus
use of available capacity can be matched to more specific policy initiatives that seek to favour
particular uses of the network. This approach can be used alongside broader policies on land
use and traffic generation (employment, education, healthcare, leisure) that seek to reduce or
redistribute trips.

In overall terms the contribution of CVIS to environmental goals is probably fairly limited.
CVIS data gathering could be used to provide more information on pollution levels either
through uploading data from vehicle emissions sensors or from pollution measurement
sensors carried by vehicles. The point to note is that CVIS could improve radically the data
available on which to make policy decisions.
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The influence that CVIS can have on safety is one of its most powerful levers. At the level of
the consumer then CVIS may be able to offer a greater degree of assurance than an ADAS
system because it can obtain data from beyond the range of vehicle based sensors. Whilst
reducing casualties across the board is clearly the overarching public policy, greater emphasis
may be placed on reducing accidents in particular groups, for example, child pedestrians. For
CVIS to attract public support the case needs to be clear as to how the CVIS application will
contribute to those areas of priority. One of the key problems facing CVIS is that of “Chicken
and Egg’. In order for the benefits to be realised, both infrastructure and vehicle fleet
components must be present in sufficient quantity. Given that accidents are well spaced in
time and location it is clear that safety applications of CVIS will need to be part of a wider
policy perspective.

One of the chalenges that CVIS faces is how the public perceive its safety, irrespective of
what the actual engineering and statistical data might show. CVIS introduces a new interface
through the electronic systems that link between vehicles or between the vehicle and the
infrastructure. The degree to which this component has safety implications depends on the
applications for which it is being used but, nonetheless, consideration of the safety
implications of the system will have to be included when developing policy.

Co-operative systems do not fit easily into the current framework for vehicle and aftermarket
equipment approvals as they cross the boundaries between driver and vehicle, between
vehicles and between vehicle and roadside system. The functionality of the application is also
a factor. Within the CVIS project most of the applications that are being demonstrated are
benign, that is to say that the consequences of any failure are at most some inconvenience.
However, the core technology platform is intended to be application independent and be
capable of delivering future applications that may have more direct influence on vehicle
behaviour. Therefore, there needs to be a clear policy on whether approval is based on the
applications implemented or the technical capability available. It is important that policy
development, and hence the legislative and administrative processes that follow, is kept in
step with technical and market devel opments.

The range of basic issues in respect of the interface between systems and drivers have already
been encountered in the development of in vehicle information systems (IV1S) and advanced
drivers assistance systems (ADAS). CVIS increases the complexity of some of the questions
of responsibility as the supply chain for the application involves both infrastructure and real-
time elements as well as individual products. From a policy perspective the key question is
whether the existing policies towards VIS and ADAS are adequate to deal with CVIS driven
applications instead of autonomous situations? CV IS systems should not require any increase
in driver skill as they are intended to make the driving task both safer and easier. However,
there is a need for the driver to understand what the system is doing and how they should
interact with it. There is a shift in skills and awareness from an emphasis on the driving task
itself to being able to monitor the driving environment and the systems that are assisting the
driver to remain safe within that environment. The central question is whether competence in
the use of CVIS should fall within the remit of driver testing, and if so, what are the
characteristics of aproduct or service that would mean its users have to be licensed?

A central aspect of any system based on exchange of information between a wide variety and
large number of entities is trust. Therefore there needs to be a policy on how “trust” is
assessed and what level of trust isrequired for each actor in the information chain.

At the time of this report there is a significant amount of work underway to develop policy in
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respect of radio frequency spectrum management and allocation. Work is underway to
develop an approach to spectrum management based on an unlicensed model that supports
service and technology neutrality. The new approach to spectrum allocation is important for
CVIS as it will remove severa potential obstacles to deployment, in particular the divergent
regimes for spectrum allocation that exist in different countries across Europe. The policy
issue is that not only CVIS services but other mobile personal services must be able to co-
exist safely within the same part of the spectrum.

The policy impact of CVIS is wider than transport and needs to be considered at al levels,
international, national and local. Creating and harmonising at the internationa level has the
longest timescale but needs to be informed by what local transport policy areas CVIS plays a
role in. Hence, the development of policy needsto be an iterative process.

At the international level policies must be put in place that allow products and services to be
offered across Europe. Firstly, these must cover al areas that require interoperability of
equipment so that a vehicle or device can be safely used in any locations where the supported
services are offered. Secondly, the infrastructure systems must conform to known levels of
service so that a service user knows what to expect from the infrastructure component.
Thirdly arrangements must be in place to confirm and accept an individual driver's
competence to use the service wherever it is encountered.

It is clear that the complexity of the policy environment of CVIS creates a maor challenge.
There has to be co-ordination between those who have a policy influence in all those areas.
The institutions and mechanisms to achieve this have yet to be devised and put in place. This
must be addressed otherwise a lack of policy and policy co-ordination could become a
significant barrier to deployment.
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1. Introduction

The capability to link vehicles to the roadside and to each other through seamless
communications channels (Cooperative Vehicle Infrastructure Systems — CV1S) creates many
opportunities for far reaching innovations in the way the road network is used. Applications
using integrated the vehicle and highway management and control systems, e.g. automatic
lane keeping, bus platoons, automated freight vehicle lanes, have the potential to address
some of the factors that currently act as limitations, principally the driver as sole controller of
the vehicle, unrestricted access to all parts of the road network and uncontrolled mixing of
disparate types of vehicle and traffic. These technologies could provide alternative ways of
ensuring compliance with regulations that are currently carried out by external means, e.g.
enforcement cameras, or physical means, e.g. speed humps, rising bollards.

CVIS technologies will not naturally evolve without external influence because of the
different investment approaches of public and private sector. The public sector looks largely
at socia gains and benefits whilst the private sector considers revenue streams. In the case of
CVIS, investment by the private sector in vehicle developments may yield wider socid
benefits. Bringing such a step change in policy thinking and bridging the gap between
infrastructure providers and operators and vehicle manufacturers to gain the co-operation
needed require significant challenges to be addressed.

The CVIS Project primary objectives are to demonstrate the feasibility of an open,
interoperable technical solution that can support diverse information based applications.
However, the CVIS Project acknowledges that any use of CVIS raises a number of very broad
non-technical issues. These areas are being studied within the Deployment Enablers
workstream of the project and this document considers one particular aspect.

The objective of this document is to provide an overview of the main areas of policy that
CVIS will interact with and to describe the impact of CVIS and vice versa It is intended to
give rise to debate and does not provide solutions to policy questions. Policy is closely related
to risk, liability, business case; indeed most of the non-technical areas. The CVIS Project has
separate deliverables on these topics so they are not covered in depth here. The discussion of
policy tries to highlight where these areas will need policy guidance and where solutions to
the CVISissuesin those areas relate to policy.

The target audience is policy makers seeking to understand where and how CVIS might
impact on transport, economic and other policy areas. It will also be of relevance to
technology, product and service developers seeking to understand the relationship of their
developments to policy at European, National and local levels.

The potentia impact of CVIS on the way roads are used is substantial. This document
considers the potential of the full range of CVIS, not solely those applications and
technol ogies being demonstrated within the CVIS Project. The document reviews the potential
policy impacts of CVIS by area of policy, structured by policy area with a consieration of
European, national and local levels where appropriate. It focusses mainly on the identification
of areas where policy issues may impact on system requirements for the CVIS project
applications, and where CVIS deployment may create additional or new risks to an existing
policy area.

The final version will review of outcomes from field trials and the implications for policy.
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This draft version discusses CVIS in its broadest terms and at a high level that is deliberately
non-technical. The document does assume that the reader is familiar with the broad concepts
of CVIS in respect of vehicle to vehicle and vehicle to roadside communications and that
they also have a background understanding of development in ITS and ADAS.
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2. Transport Policy: Mobility and efficiency

2.1. CVISand congestion

The growth of congestion and its undesirable economic, environmental and social effects
represents a major concern for transport policy makers. The EU White Paper (European
Commission, 2001) quotes the economic cost of congestion as 0.5% of GDP, potentially
rising to 1% by 2010 if left unchecked. Levels of congestion vary across the EU by location,
time and extent and it is growing more or less continuously. There is little consensus on the
solution although it is clear that it requires multiple, complementary measures. It is also an
area where the role of CVIS could be many and varied. For example, the use of CVIS
equipped vehicles as data probes (See the CVIS COMO sub-project) will enable congestion to
be identified and characterised in real time. It also provides information on the state of the rest
of the network that can be used to determine what advice to provide to travellers. CVIS then
provides routes by which information can be relayed to different groups in ways that are most
relevant to them. If a control action is required, for example lowering speeds to prevent
vehicles colliding with the end of a queue then CV1S technologies can be used.

One problem that needs to be addressed is that of the perception of CVIS. Most people will
instantly think of the most extreme instance of a fully automated system where vehicles are
completely controlled from outside and the driver has no substantive role. Furthermore, such a
concept is seen entirely as for the benefit of private motorists and hence encounters significant
political opposition. This is not a new problem and has been pointed out in much of the
literature on intelligent transport systems (ITS) and automated highway systems (AHS), see
Jones and Polak (Jones, et a., 1994) and (Cluett, et a., 1995). It is an important consideration
when developing policy towards congestion that the objective of the policy and the
anticipated role of CVIS are made clear and well explained.

Undoubtedly, the area of dynamic route guidance represents a delicate problem for public
policy and CVIS. There has been a substantial growth in autonomous satellite navigation
product sales in the period since 2002. At the same time there is a growing realization of their
limitations in respect of avoiding congestion and increasingly a dynamic traffic information
service is being bundled with the in-vehicle device (e.g. RDS-TMC). Thus a commercial
market is developing from individual and business users. However, in the eyes of some, thisis
encouraging private vehicle use (cars and vans used for business purposes are considered part
of this group) and that this is undesirable and unsustainable. Therefore any public policy that
explicitly supports such systems will hit political difficulties. Indeed, Jones and Polak (Jones,
et a., 1994) reported that Vienna and Zurich had explicitly ruled out any publicly supported
dynamic route guidance on just those grounds, i.e. that they would encourage more car traffic
into the city.

The use of CVIS to provide co-operative monitoring greatly enriches the available data and
this in turn leads to a greater knowledge about, and understanding of, the way the road
network behaves under a variety of conditions. This knowledge can then be used to improve
the way congestion is managed. The way in which congestion is managed is clearly a policy
matter in the first instance. The policy may be based on giving more priority to certain groups
within the traffic stream, e.g. public transport vehicles, high-occupancy vehicles. It may also
be used to provide re-routing to approaching vehicles in order to manage pollution levels
although these aternative routes may not necessarily be the optimum diversion provided they
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are perceived by the driver as better than being part of the congestion.

There are three principle sources of congestion; recurrent situations where demand regularly
exceeds available capacity, deliberate reduction of capacity to below demand level as typified
by roadworks and unforeseen events such as accidents. The policy towards how each type is
managed may be different. For example, in the case of recurrent congestion then this may be
targeted by demand management measures such as pricing. In this case CVIS techniques may
enable a more flexible and dynamic approach to pricing (e.g. different prices for vehicles with
different characteristics at different times and in different areas) subject to the scheme being
both understood by users, enforceable and economic. On the other hand unforeseen
congestion might be managed through dynamic re-routing with preference for the best
alternative route being given to particular groups such as public transport vehicles.

2.2. CVISandrédiablejourneys

Greater emphasis is being placed on creating reliable journey times by all modes, even though
that may include some element of congestion or delay. The objective is to provide travellers
and goods shippers with the information that enables them to plan the timing of journeys in
respect of start time and likely duration. The first
generations of information systems are available
but these tend to have Ilimitations in the
sophistication of their predictions. They are based
on extrapolation from historical data sets and tend
to be ether unduly pessimistic because they are
based on the longer tail from the historic
distribution, or inconsistent because they are based
on an average value that does not take into account
the degree of variation. In both cases they do not
try and consider the current influences on travel
that may affect the estimate of future journey times.
CVIS has the potential to improve quality and
detail of the information available, reference the Figure 1 First generation of real-time

importance of the COMO workstream within the traffic information systems are now
project. widely available.

A policy of promoting and enabling much greater

data collection has benefits in many applications not just improving reliability of journeys.
Furthermore, using vehicles and mobile sensor platforms, even for as simple a data set as
time, position and speed, is likely to be very cost effective when compared with instrumenting
the road network to achieve similar density and quality of data. However, the problem arises
of creating a sufficiently strong “co-operation” for the vehicle owner so that they can clearly
see the answer to the question “what’sin it for them?”

The issue of individua privacy has to be addressed and policy has to take account people
may feel that they are at greater risk of being prosecuted for some form of transgression. In
part this might come about through the policy mechanism used. One way is to appeal to “civic
duty” to provide information to a public sector pool accompanied by a guarantee of
anonymity. Another route is to make it a civic obligation in return for some form or right, e.g.
access to certain areas or lanes that provide some form of individual benefit or a fiscal
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incentive such as a discount on toll or parking charges. Obviously there are risk here of one
policy incentive undermining another policy so careful consideration has to be given as to the
overal effect. An aternative approach is to encourage the growth of “community” based
services that collect and share information as part of a more altruistic arrangement but one
that is not controlled by government at any level. From a policy perspective the attraction of
the data collection and network monitoring side of CVIS is that it produces an outcome that
can benefit the network as awhole.

2.3. CVISandtraffic control

Traffic control systems to date have been focussed on optimising the movement of traffic
either by maximising flow or minimising delays. In recent years selective detection of public
transport vehicles has been introduced to give greater priority to those vehicles based on a
simple form of interaction using either an inductive loop and vehicle transponder or
microwave tag and beacon. The same techniques are also used to control rising bollards and
barriers as part of access control systems.

A shift in policy thinking is taking place in respect of the way traffic control systems are used.
More direct intervention to deliver particular policies is now being considered instead of an
optimisation approach. The sorts of policies include extending the priority and precedence
given to public transport, promoting cycling and walking and environmental improvement.
The aim is use the traffic control systems to balance the competing need for green time and
access in away that promotes these policies rather than trying to achieve an optimal solution
to a set of constraints.

CVIS has a number of ways it can interact with
traffic control systems. The policy question relates
to how strong that interaction is and whether the
network operator is adopting a highly assertive
approach where the infrastructure system takes a
significant amount of control, e.g. limits maximum
speed, slows vehicles on approach to junctions, or
whether CVIS techniques are used to improve the
information available to drivers to support “better”
decision making by travellers. The former will be =
more expensive to implement, may require e TN =
legislative and liability changes to overcome user ~ Figure 2 Typ'c‘f’"r‘]‘rga”dlunlc“og where
resistance but is more certain to meet policy targets, CVIS might be deploye

for example reductions in vehicle emissions or

reductions in accidents. The latter approach is much

softer and so will be easier to implement, is less reliant on the numbers of vehicles that are
CVIS enabled and is more consumer oriented but it is far from certain what the actual effect
on policy delivery might be. The two approaches are not mutually exclusive and the more
passive approach may be used first and then gradually “hardened” in order to reach the policy
targets. However, there are implications for system design and therefore a clear direction will
be needed as to whether the gradual ramping up of system control isareal possibility.

24. CVISandtravel information
One set of applications that could benefit substantially from CVIS are those related to travel
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planning and en-route information. CVIS (Mathias, et al., 2006) permits a much richer data
set of traffic patterns to be collected than roadside systems can achieve. The extent to which
CVIS penetrates the vehicle fleet may have a significant effect on the function and form of
roadside data collection systems. However, until in-vehicle systems that can remotely report
location, vehicle characteristics, speed etc. are deployed in sufficient numbers then there will
remain a need for some infrastructure based technology. Furthermore, in order for coherent
information to be extracted access to both vehicle-derived and roadside data together will be
required.

There are policy questions relating to the ownership and sharing of data. The first area of
concern is whether data can be used to identify an individual and hence what is the policy on
privacy? Are there certain situations where data collected for information and management
purposes can be accessed, say by the Police as part of acriminal investigation, and what is the
obligation on the data collector to retain such detailed information? If, as seems most likely,
the data is being collected by a private sector organisation as part if its service provision what
are its obligations in respect of sharing data with other commercia parties or the public
sector? Similarly, is the public sector obliged to make data available to individuals or
commercial organisations, for example under data protection or freedom of information
legislation, and what is the basis? For example, the policy could be that public sector datais
made available in “slow-time” for al and in “real-time” on a subscription basis, subject to all
individuals remaining anonymous. Jones and Polak (Jones, et a., 1994) pointed out the
tension between the public sector need for “open access’ and the private sector’s desire to
enhance value through restricting those who can have access and placing commercial
obligations on them in order to gain that access.

The accepted wisdom is that there needs to be a clear policy in this area despite the fact that
ownership of a mobile phone raises many of the same issues, as do some of the new ”pay as
you drive” insurance products that use on-board tracking devices. The key difference may be
that these are consumer services that an individual can opt to use and that there is no
perceived role by the public sector. Therefore, this policy area needs to be clarified for those
applications that require public-private partnership or are wholly within the public sector.

The other side of the traffic information equation is communication of information to those
who are moving goods or travelling . The CVIS concept of “aways connected” means that a
greater range of information will be available at any location and point in time. There will
also be a range of sources of information. Some information might be received from other
vehicles via a local ad-hoc network; some might come from commercia services that have
been subscribed to; some might come via intelligent agents searching on behalf of the user
and some might come via a service provided by a public sector highway network operator.

The range of information sources combined with the difference in importance of different
information raises a number of policy related issues. The question of policy in respect of the
human machine interface is discussed in section 3.3. This section considers the issues relating
to trust, quality and hierarchy of information.

A user will subscribe to a commercial information service on the grounds that they receive
some value from it and that is possibly gives some advantage over travellers using an
aternative service or those without information. The network operator will put out
information to influence traveller’s behaviour to make the network operate in the most
effective way given the broader transport policies that are in place. This will aso be in
conjunction with the traffic control strategy. These two different sources, commercia service
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and network operator, may give different advice because the individual travellers optimum
and the network best options are not necessarily the same. At present it is down to the user to
decide which advice to follow. This has already started to raise issues when navigation
systems instruct drivers to take unsuitable diversions, or even to make illegal manoeuvres.
CVIS may reduce these mismatches by keeping information more current through on-line
updates but there will need to be a policy developed that allows greater harmonisation of
advice between private services and network management.

2.5. CVISand demand management

Road pricing and parking management use price mechanisms to regulate the demand for finite
quantities of road capacity and parking space. CVIS is not required to implement such
schemes but it can be used to increase the flexibility of the scheme and could play arole in
improving acceptability and compliance. From a policy perspective the question is to what
extent CVIS can enable barriers to implementation to be overcome and how can it improve
the efficiency and effectiveness of demand management schemes in the longer term?

One application where CVIS are required is when trying to balance demand across the road
network, and potentially the whole transport network. In this case real-time navigation is
based on the allocation of routes to vehicles instead of each vehicle trying to determine its
own optimum. These basic concepts are not new; the AUTOGUIDE system proposed for
London in the late 1980s was just such a system, but the availability of more comprehensive
and pervasive communications systems make it much easier to implement such techniques.

If the overall policy is to take a much more interventionist role in managing the network,
seeking to push demand towards available capacity in space, time or mode, then route
allocation is an attractive option.

2.6. CVISand sustainability.

One of the mgjor sources of concern identified during the Automated Highway Studies in the
USA and in some papers on ITS in genera, e.g. (Kanninen, 1996), (Chang, et al., 1997),
(Jenkins, 1994), (Cluett, et al., 1995), is that by improving the traffic flow further latent
demand is released which means that the situation in respect of congestion, safety and
environmental impacts may not improve. In other words, it can be argued that CVIS merely
promotes travel by car and reinforces all the issues of long term lack of sustainability.

Whilst thisline of argument is clearly very powerful it is based on viewing CVIS, particularly
the more advanced possibilities is offers, as either in isolation from, or in competition with,
alternative approaches. This is not the case. The current road network can be made more
efficient and just as importantly more reliable through CVIS. This serves to maximise on the
investment already made in fixed infrastructure. The CVHS business case study (Department
for Transport, 2005) by the UK DfT estimated that CVIS techniques could extend the
available capacity of a given road (i.e. delay the need to provide additional physical capacity)
by upto 15 years.

One key aspect of CVIS is that it creates an information rich environment down to the
individual vehicle level. This means that the dynamic allocation of available capacity by type
of vehicle or trip purpose becomes possible. Thus, apolicy of making traffic lanes available to
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public transport and high occupancy vehicles in response to traffic levels, that is maximising
the throughput of people not metal, can be implemented without necessarily needing physical
changes to the road (Griglione, et a., 2006). Freight movements can be managed more
directly aswell.

Thus use of available capacity can be matched to more specific policy initiatives that seek to
favour particular uses of the network. This approach can be used alongside broader policies
on land use and traffic generation (employment, education, healthcare, leisure) that seek to
reduce or redistribute trips. These clearly take longer to cometo fruition.
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3. Transport Policy: Road safety

The influence that CVIS can have on safety is one of its most powerful levers. At the level of
the consumer then CVIS may be able to offer a greater degree of assurance than an ADAS
system because it can obtain data from beyond the range of vehicle based sensors. From the
perspective of the public authorities CVIS has the potentia to reduce casualties. This could
involve use of CVIS as an information route to provide more specific information about
hazards ahead or the use of CVIS as part of a control systems limiting access or speed. The
CF_F project (Kovacs, et a., 2006) includes the use of CVIS to control the movement of
hazardous goods in areas of high sensitivity. It should be noted that CVIS solutions can
provide benefits across multiple policy areas. Methods that improve safety may also raise
driver awareness and influence traffic flow so that efficiency is enhanced and emissions are
reduced at the same time.

A key source of debate in respect of any system that increases the safety of the vehicle and its
occupants is the potential issue of risk compensation. This is where drivers may assume a
level of performance from CVHS and drive to that limit, or lose the skill and judgement
associated with safe driving of non-CVHS vehicles. ADAS experience may help in
understanding this. Farber (Farber, 1991) discusses the case for Automatic Cruise Control
devices. The overall probability of a simultaneous failure of an automated system and the
driver, resulting in an accident, is the product of the probability of a system failure and the
probability of afailure by the driver to respond if the system cannot. Clearly, the issue hereis
to ensure that the level of driver attention does not fall so low that the overall performanceis
worse than without the system. In fact, the result needs to be substantially better in order to
justify the benefits. In the case of a CVIS solution then either the probability of system failure
must be lower or the cost benefit ratio higher than its ADAS predecessor, for a given
probability of driver failure.

In this case the policy issues are closely aligned with issues regarding liability and the
responsibility of the driver to be aware of whether the system is operating correctly, and to
know how to react if it isn't. This has implications for the ability of the system to report
faults, or drops in performance that might lead to failure, and how the current system status is
reported to the driver. Therefore, there will have to be a policy on system safety to
complement policies on highway and vehicle engineering saf ety.

One of the key problems facing CVIS is that of “Chicken and Egg”. In order for the benefits
to be realised, both infrastructure and vehicle fleet components must be present in sufficient
quantity. Given that accidents are well spaced in time and location it is clear that safety
applications of CVIS will need to be part of a wider policy perspective. Instead of tangible
benefits from day one it may that there needs to be a substantial investment in infrastructure
or incentive to vehicle producers and consumers on the basis of it being a matter of medium to
long term policy. However, in order for this to be realistic there needs either to be very strong
evidence from research and simulation that the expected benefits will accrue. The case will be
stronger if worthwhile benefitsin another area can be realised in the short term.

One important aspect of safety policy is where the improvements occur and whether this is
seen as a priority areafrom a policy point of view. Whilst reducing casualties across the board
is clearly the overarching public policy, greater emphasis may be placed on reducing
accidents in particular groups, for example, child pedestrians. For CVIS to attract public
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support the case needs to be clear as to how the CVIS application will contribute to those
areas of priority. For example, the use of CVIS techniques for intelligent speed adaptation
could be used to set lower speed limits on roads near schools, residentia and play areas at
those times when the risk is greatest. At other times when the risk is similar to other parts of
the network allowable speeds could be higher. Provided CVIS resulted in greater compliance
by drivers, reduced speeds and hence reduced accident frequency and severity then it can be
seen as delivering on a priority policy objective. Of course, using CVIS will have to make
economic and operational sense when compared to alternatives that are perhaps more obvious
in the way they deliver the policy objective, for example banning vehicles atogether or a
high, visible presence of law enforcement teams.

Van den Heijden (van der Heijden, et al., 1995) argues that a vehicle centric growth in
automated vehicle guidance systems was more likely because of the greater experience in
vehicle based driver support systems and the ability of change in the vehicle fleet to be
evolutionary. If this is the general case for al CVIS then it is likely that the safety oriented
systems will be targeted towards the vehicle occupants in the first instance and a clear policy
steer will be needed to ensure that safety of othersis required. A possible model for thisisthe
EuroNCAP ratings which started by rating features for occupant safety but now include
ratings for pedestrian safety as well.

CVIS has the ahility to replace some techniques currently used for delivering safety policy.
The driver and vehicle can be informed remotely of the current speed limit and the vehicles
speed can be constrained. Alternatively, the vehicle can report to the infrastructure if the
driver repeatedly ignores the speed limit. This could replace enforcement techniques such as
speed cameras and physical restrictions such as speed humps or chicanes. The main advantage
is that the restriction is continuous and not just at the enforcement point or physical
restriction. The policy remains the same but CVIS may provide a more effective means of
implementing it.

The enforcement of safety policy needs to be considered. In general where a safety measure
involves operating some form of restriction, for example speed limits, the penalties for
breaking the regulation are more severe, possibly even criminal in nature, than breaking a
local restriction on some other aspect of travel, e.g. parking illegally, which is regarded purely
as amatter of civil law. Alongside the safety policy there needs to be a clear policy on who is
charged with enforcing any restrictions and how they use the CVIS system to carry out such
enforcement. The issue here is to avoid making a stakeholder, such as a commercia system
operator, responsible for an enforcement regime that is beyond their capability. However, at
the same time such an operator must meet an obligation to record and manage data and
information in such a way that the enforcement agency can successfully meet the evidential
needs for robust and fair enforcement.

A problem arises with adopting CV IS to deliver safety policy when the traffic stream is mixed
between CVIS and non-CVIS equipped vehicles. The safety gain may only accrue to those
prepared and able to afford CVIS resulting in a safety policy that is not applied equitably.
However, this may be offset by the “calming” effect of CVIS vehicles within the traffic
stream, for example they may have the effect of limiting the speed of following non-CVIS
vehicles. In practise many safety improvements now taken for granted in modern vehicles
(e.g. ABS, airbags) were initially relatively expensive and only available to those who could
afford to specify them. So, although market led deployment can be viewed as inequitable the
principle of new features providing increased safety “trickling down” from expensive to mass
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market vehiclesiswell established and accepted.

Safety has both personal and societal aspects. At a persona level we mostly desire to be as
safe as possible and the degree to which we seek to protect ourselves will be based on our
own perception of the risk we face. A regular motorway driver might regard Automatic Cruise
Control as a worthwhile feature to pay for on the grounds it enables him to maintain cruising
speed whilst reducing the risk of running into a vehicle ahead, On the other hand someone
who drives mainly on rural roads would not regard it in the same light. At the societal level
safety has wider benefits. It reduces the need for emergency facilities; it reduces the costs in
terms of human suffering and economic impacts of the long term effects of injuries and
fatalities. Improved safety reduces the cost to the economy and environment of the resulting
congestion. In general the consumer is encouraged (or in some cases forced) to pay for
products and service (including training) that promote persona safety and the public sector
pays for infrastructure investment (e.g. highway engineering) and perhaps incentives to
encourage take up of products (e.g. publicity campaigns promoting seat belt wearing). Use of
CVIS requires both aspects to work in harmony. The consumer (including business consumers
such as freight hauliers) has to accept and pay for (not necessarily explicitly) the vehicle
components. The public sector has to be able to identify the societal benefits and match them
to policy prioritiesin order to justify the investment in the infrastructure components.

CVIS may influence safety in respect of reducing the latent potential for accidents. This may
be by reducing the occurrence of conflicts between vehicle through direct action, such as
maintaining a safe headway between vehicles in a co-operative platoon or by broadcasting
presence to other vehicles in the vicinity of an intersection. It could also be by raising and
directing the attention of the driver, perhaps by using an ad-hoc network to propagate a
warning of the presence of a queue back through a stream of vehicles. This should translate
into a measurable change in safety but the

effect on driver confidence and reduction in .

stress may be perceived even more strongly. %

In respect of risk compensation, it could be Q-::?Q]

argued that drivers who are less stressed are Qh

less likely to indulge in risky behaviour. Q‘ n
However, the point here is that when i
considering CVIS it may be necessary to i
consider policy towards the driver's state of (.:'J '_.[:l:i
mind, perception of the driving environment

and whether the implementation will better -

focus driver's concentration or have the — — "=
undesirable effect of reducing concentration Figure 3 CVIS can use V2V communications

on driving. The question of driver competence  to provide advance hazard warning
and training is discussed further on section 5.

CVIS introduces a third element into the

safety equation. Currently, there are two key components; the safety of the highway and non-
vehicle users and the safety of the vehicles and their occupants with particular emphasis on
the driver. There are two interfaces between these components, namely, the friction between
the vehicle tyre and the road surface and the vision of the driver. CVIS introduces a new
interface through the electronic systems that link between vehicles or between the vehicle and
the infrastructure. The degree to which this component has safety implications depends on the
applications for which it is being used but, nonetheless, consideration of the safety
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implications of the system will have to be included when developing policy. For example, if
V2V communications is being used to manage vehicle headways will it be policy that all
vehicles involved must also have an autonomous system (e.g. advance cruise control) to
provide a fallback or will there have to be a second communication channel? Also, who takes
the lead in implementing such policy? Is it the system suppliers seeking to manage their
liability or the public sector seeking to minimise the potential for catastrophic accidents
which, athough they may be rarer, would capture the headlines in the press? In the latter case
thisimplies some form of product/system standards or licensing.

One of the chalenges that CVIS faces is how the public perceive its safety, irrespective of
what the actual engineering and statistical data might show. The obvious analogy is with air
travel which many people perceive as high risk despite it having a safety record that is better
than other modes. This may be due to a combination of individuals not having any control of
what happens, the fact that such accidents as do happen are catastrophic and high profile and
that much is made of safety issues (for instance train operators do not carry out a safety
briefing in every carriage after every station).

An important factor is the degree of “trust” that the traveller has in the operation, for example,
it is taken for granted that there are two pilots in the cockpit who are in control of the plane
although the evidence for this is actually very limited, usually a disembodied voice stating
that thisis the case. In the case of CVIS the questions of trust in the validity and accuracy of
any information and advice is important. This increases when the application also requires
some relinquishing of control by the driver. Despite evidence showing that the automated
system can react more quickly, consistently and smoothly than a human it is a big
psychological leap to make. Therefore, any policy to promote CVIS as a solution to safety
issues must be linked to policy on public information and training to ensure the perceptions
match what is needed for successful deployment. This will have to commence in advance of
that deployment.

It is not the purpose of this document to discuss issues of risk and liability as these are
covered in separate deliverables from CVIS Project DEPN Topic Area 6. CVIS does not
require a change in road safety policy but it does change the way existing policy might be
delivered. In recent years there has been a much stronger focus on enforcement of existing
regulations, in particular speed limits and alcohol limits, with more severe punishment where
a serious accident can be traced to driver fault. CVIS could be used to provide more
continuous information to drivers on the current regulations they need to comply with,
hazards they are approaching and as a route for “campaign” information messages. The
technology could also be used for almost continuous enforcement through, for example,
remote interrogation of the cars on-board data recorder to identify any transgressions. Clearly,
there are issues of public acceptability but policy could be directed towards improving the
information available to drivers at the time and location they most need it.

ADAS systems that address primary safety (i.e. the prevention of accidents taking place) are
now on the market, for example lane departure warning, and further applications are being
demonstrated by projects such as PREVENT, e.g. blind spot monitoring. CVIS can extend the
capability in this area through advanced hazard warning (sometime referred to as “over the
horizon”) beyond the range of vehicle-based sensors (see Figure 4) or by supporting
collaboration between vehicles, e.g. co-operative merging. In policy terms the question is
open as to whether ADAS will deliver sufficient benefits on its own and whether a explicit
policy direction to promote the CVIS extensions is required. The nature of the ADAS market
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will be highly influentia in the how CVIS markets develop. Consumer confidence in ADAS
will assist in creating acceptance for CVIS. However, if ADAS are seen as providing what the
consumer wants then CVIS will either have to be cheaper or address an issue that ADAS
cannot deal with but consumers regard as important.
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4. Transport Policy: Other topics

4.1. CVISand vehicle emissions

This section considers to what extent CVIS supports or enables implementation of policies
designed to reduce the impact of road based travel on the environment. The discussion
focuses principally on exhaust emissions but the same arguments can be advance in respect of
noise and vibration. At the level of the individual vehicle, it is the better management of fuel
use which can provide both benefits in terms of emissions but also reduce resource use and
operating costs for the owner or user.

One potential way is to improve the flow of information and to assist in managing levels of
pollution. For example, CVIS would support continuous (or near continuous) remote
monitoring of engine performance by the owners service or maintenance supplier. Instead of
waiting until an annual inspection is due and testing at that stage a driver can be informed
more or less immediately the vehicle ceases to operate within the legal levels. CVIS data
gathering could be used to provide more information on pollution levels either through
uploading data from vehicle emissions sensors or from pollution measurement sensors carried
by vehicles. There are many technical issues related to measurement, including accuracy and
calibration, but these are beyond the scope of this paper. The point to note is that CVIS could
improve radically the data available on which to make policy decisions.

There is a great dea of technology development taking place in respect of vehicle
powertrains. One aspect of CVIS is the provision of a “digital certificate” which enables a
vehicle to describe its characteristics to an external system. One characteristic could be the
vehicle's emission profile and this could be used to alow, bar or differentially charge based
on the type of fuel and the type and magnitude of emission.

4.2. CVISandfuel efficiency

It is quite conceivable that CVIS can provide better and more timely information on the road
ahead, for example gradient, curvature, presence of signals or junctions, combined with
information on the behaviour of vehicles immediately ahead, e.g. speed, deceleration. Then
the motive pattern of an individual vehicle might be optimised to minimise fuel consumption
or emissions. Explicit policies on fuel use have been implemented but this has either been in
response to an externa crisis, such as lowering the national speed limit during a fuel supply
crisis, or indirectly through traffic signal timings. It can also be a secondary effect from a
safety or congestion management initiative, for example use of variable speed limits. CVIS
could enable a more explicit and more sophisticated approach to implementation of a fuel
conservation policy.

Airborne pollution has been a significant issue for many years and is particularly critical in
some European cities, often exacerbated by weather conditions. Anti-pollution measures have
generally been based on reducing the volume of traffic by strong measures such as total bans
on private cars or only allowing vehicles with odd or even license plate numbers to use the
roads on different days. In the first decade of the twenty first century the importance and
potential impact of global warming has become widely recognised and the role of transport in
producing greenhouse gas highlighted. This has changed the relative position of policies on
emissions and pollution.
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In overall terms the contribution of CVIS to environmental goals is probably fairly limited.
The DfT study into the business case for CVHS [x] took the view that the benefits were
unquantifiable and probably small when set against safety and efficiency. However, at the
time of that report the case for global warming was much less well accepted and the pressure
to reduce emission of greenhouse gases was not as strong as it now is. Significant reductions
in vehicle emissions are only going to come about through changes in engine technology and,
more controversially, reductionsin road travel.

CVIS can have a role to play in achieving environmental goals through supporting more
efficient use of the engine and to make demand management measures more sophisticated. In
the latter case it could be used to make pricing schemes more responsive to traffic conditions
or to provide better managed and targeted access control schemes. In policy terms CVIS
techniques may provide ways to address some of the publicly unpopular or undesirable effects
of emission and demand management policies whilst alowing those policies to deliver on
their primary objectives.

4.3. Freight Distribution

Road freight represents a significant challenge in policy terms. Freight vehicles are unpopular
because of their environmental impacts, largely noise and visual presence but also there are
concerns about emissions, especially particulates and their effect on health. That said, road
freight is an essential component of the economy of any country. Policies are in place
(European Commission, 2001) to promote modal shift from road to rail and water, but even if
they were to double their tonnage carried that would only reduce road freight by a small
proportion. In most cases the first and final kilometres of any haul will involve road transport.
Growth in internet based retailing is increasing and this generates delivery trips by a range of
vehicle types.

There are a number of areas where CVIS can enable innovative ways of delivering policiesto
manage the impact of road freight and the efficiency of road freight operations. These are
initiatives that promote better planning of routes, timing and loadings, improved vehicle
efficiency and safety by more effective controls on where and when freight vehicles can use
the road network. There is amajor challenge in creating a balance of policies that are seen by
the stakeholders groups as fair and effective.

4.4. Public Transport

Studies into the potential impacts of Automated Highway Systems (AHS) in the USA during
the 1990s (DoT, 1994)identified that there was a major concern that AHS would be viewed
as pro-private transport and hence undermine policies and strategies designed to achieve a
mode shift from private cars to public transport. Similar concerns have aso been raised about
ITS (Wootton, 1995) in genera so it is inevitable that CVIS will be subject to the same
arguments. The principle argument is that CV IS applications enhance the attractiveness of car
travel and therefore reinforce behaviour that many believe is unsustainable, particularly in
dense urban areas.
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Whilst it is undoubtedly the case that many
CVIS applications do benefit private car users,
it is not the case that this is a the expense of
public transport, nor that it will necessarily
influence the decision on mode choice. There
are CVIS applications that can be beneficia for
public transport, for example, by improving the
provision of priority and assisting bus operators
in running services reliably or by providing
better comparative information on public
transport journey times and capacity versus car
based trips to the same destination. From a
policy perspective the approach must be to
consider how CVIS can underpin improvements
on public transport operations and promote
more informed choice by travellers.

4.5. Statistics and data _ o N
Figure 5 CVIS applications can be beneficial

In section 2.4 it was noted that the extent to for public transport

which CVIS penetrates the vehicle fleet may

have a significant effect on the function and form of roadside data collection systems. The
point was made that there are policy questions relating to the ownership and sharing of data.
This was discussed in the context of real-time travel information but not in the context of
monitoring the statistics used for policy development and transport planning purposes.

CVIS provide opportunities to expand the richness of the available data particularly in respect
of journey time and route information. The main policy question is whether there should be an
obligation on those operating CVIS to provide such data to those bodies charged with
developing long term transport policy and the planning and design of transport infrastructure.
Cost will a significant factor as CVIS operators may argue that the type of data, its storage
and handling and meeting the quality criteria increases the cost of implementing and running
the system. For the organisation that wishes to access such data questions of value and
affordability of obtaining the data are important. If data is being obtained from multiple
sources then the data analysts are faced with coping with differences in data types, quality and
time frames. This points to a need for agreed standards for expressing data and its quality.

4.6. Enforcement of traffic regulations

One of the more contentious possibilities that CVIS offers is to radically change the way
infringement of traffic regulations are identified and reported. The exchange of information
between vehicle and infrastructure enables either the infrastructure to check the characteristics
of the vehicles movement against the current regulations in force and identify if any
transgressions have occurred and, if so, where and when they took place. Assuming the
identity of the vehicle and its driver can be determined then some form of warning or
enforcement action can be taken. The other way around is also possible, that is that the
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infrastructure system passes the details of the regulations to the vehicle and the in-vehicle
systems monitor for any transgressions. Subsequently these can be reported back to the
infrastructure.

Initialy it is quite hard to conceive of the vehicle acting as a spy on the driver but the
tachograph, which does just that, has been accepted in the commercia transport sector for
many years. The latest “pay as you drive’ insurance products could also be seen in this light
as they report when the vehicle has been used in a “high risk” environment and that could
include being driven in such a way as to break traffic regulations. At present this type of
product is new in the market and there is no degree of compulsion for consumers to buy it if
they are concerned about such issues. Unlessit is very clear to the consumer who has access
to this sort of information and what use they may make of it then this aspect is unlikely to
become widespread. It could be implemented through legislation but this would be politically
very difficult.
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5. Vehicle Policy

5.1. Vehicle construction and use regulations

The testing and approval of new vehicles, their systems and components is a complex area
with a swathe of EU Directives, principally Directive 70/156/EEC and all the subsequent
amendments, backed up by supporting legislation in the member states. This covers “whole
vehicle’ approval and involves the inspection of a production version to confirm that the
specification of the systems and components identified in the relevant individual directives
meet the requirements.

Individual systems are approved either as part of a particular type of vehicle or as a Separate
Technical Unit (STU). Each member state has to establish an Approval Authority that issues
approvals and a Technical Service that carries out the testing required to achieve that
approval. Figure 6 illustrates the number of areas that require approval for a passenger car and
acoach.

Figure 6 Statutory UK Approvals elements for a car and coach
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Co-operative systems do not fit easily into the current framework for approvals as they cross
the boundaries between driver and vehicle, between vehicles and between vehicle and
roadside system. The functionality of the application is also a factor. Within the CVIS project
most of the applications that are being demonstrated are benign, that is to say that the
consequences of any failure are at most some inconvenience. However, the core technology
platform is intended to be application independent and be capable of delivering future
applications that may have more direct influence on vehicle behaviour. Therefore, there needs
to be a clear policy on whether approval is based on the applications implemented or the
technical capability available. Clearly there is a link to approval of ADAS technologies but
there needs to be a policy on whether an approved ADAS can be linked to CVIS without
further approval being required.

There needs to be consideration of what the policy will be towards approval for vehicle to
vehicle communications and vehicle to infrastructure links. In CVIS al the vehicles
connected to the network at the same time are part of the “system”, as is any infrastructure
based component. Under what circumstances will it be necessary that al elements are
“approved” and does a systems' ability to detect and screen out unapproved components form
part of the technical requirements for approval. The same question of whether this is led by
application or technical capability needs to be resolved.

It isimportant that policy development, and hence the legislative and administrative processes
that follow, is kept in step with technical and market developments. This did not happen in the
case of mobile telephones and personal navigation systems with the result that restrictive
policy and legislation had to be introduced after the market had taken off and associated poor
behaviour, i.e. loss of concentration due to taking phone calls, had become difficult to
eradicate. This is because making phone cals whilst driving had become an habitual
behaviour for many individuals. Identifying such problems is difficult because initial low
penetration tends to mean that there is little evidence to show the effects of alack of policy,
and hence little attention is paid to the issue. However, a sudden and sharp increase in sales,
which seems to be characteristic of ICT can result in policy being left behind and, thereafter,
is aways struggling to catch up.

5.2. Vehicle maintenance and testing

There is some harmonization a the European (Directive 96/96/EC) and internationally
through the Vienna Agreement (UN-ECE 1997) on the minimum frequency of roadworthiness
testing for different classes of vehicle and the items that have to be tested. However, the
agreements do not set standards for testing and there is considerable flexibility for national
administrations to derogate from the provisions of these agreements. As a result there is no
reciprocity between member states and roadworthiness can only be certified in the vehicle's
country of registration.

At present there are no international requirements covering electronic and
telecommunications based applications although the body that is charged with developing
agreements, UN-ECE WP.29, has been made aware of the issue (Berry, 2003). This paper
pointed out that electronic systems are also subject to aging athough they are inherently more
reliable. A further aspect of such systems is that much of their functionality is contained in
software and this is likely to be updated periodically over the life of the vehicle. ICT based
systems aso tend to have a much shorter lifespan because of rapid development. Although
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backward compatibility is often a key feature this cannot always be guaranteed, particularly in
respect of externa interfaces. How many computers available in 2007 are capable of reading
data stored on magnetic disks but in 2002 that was still the most common portable medium.
There is a further issue in respect of CVIS in that the infrastructure elements of the systems
will have to be able to work correctly with al extant software versions that are in the vehicle
fleet. Thus roadworthiness testing will not be confined to vehicle el ements but must assess the
efficacy of the interface to the infrastructure and to other vehicles.

This creates a whole new area of policy that will have to be developed at the international
level. The need for harmonisation and reprocity between member states testing regimes in
order for safe cross border use of CVIS is clear. There are clear paralels with rail and air
safety regimes and good practise from those sectors needs to be used to develop CVIS system
and vehicle maintenance. However, the scale of the road sector combined with the fact that it
involves a mix of professional staff and consumers mean that a straightforward transfer of
approach will not be appropriate.

5.3.  Human-machineinterface

The range of basic issues in respect of the interface between systems and drivers has already
been encountered in the development of in vehicle information systems (1VI1S) and advanced
drivers assistance systems (ADAS). CVIS increases the complexity of some of the questions
of responsibility as the supply chain for the application involves both infrastructure and real-
time elements as well as individual products. From a policy perspective the key question is
whether the existing policies towards VIS and ADAS are adequate to deal with CVIS driven
applications instead of autonomous situations?

Theissues in this area are complex and are bound up with legal and risk issues. Currently the
guidance is very clear that “The manufacturer has a duty to warn users of dangers present in
using the system both in normal and foreseeable misuse” (Stevens, et a., 2001).How should
this be interpreted when the system is obtaining data from external sources? If it remains the
overarching policy that “Drivers are responsible for the proper control of their vehicle” then
how are they to be made aware of the influence of CVIS?

The interaction between a technological system and the human user needs to fulfill the needs
of that human. These are far from homogenous and are subject to wide range of influences
including personal choice, cultural expectations, physical and intellectual limitations and the
nature of what else is going on around the user at the time of use. Policy making in this
subject area has to identify the key areas where minimum standards are required to ensure
public and user safety, and the sanctions to be applied of those standards are not met.

A central aspect of any system based on exchange of information between a wide variety and
large number of entities is trust. The recipient has to trust that the information received is fit
for purpose, is accurate and timely and has been obtained in alegal and safe manner. In CVIS
a chain of data and information may be involved. For example, data obtained by a local
traffic control centre from individua vehicles using CMON technology may be filtered and
passed as a description of current network conditions to a regional travel information centre
that may generate aforecast of traffic conditions for the next few hours. This information may
be picked up by a freight management centre that uses it to propose efficient routes for
delivery vehicles and the vehicle operator may then use those proposals to arrange a delivery
slot using the approach being developed in the CF& F project. Each link in the chain trusts the
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previous link to meet the quality requirements. Although each step can carry out some context
checking, for the system to work effectively everyone has to be trustworthy.

Therefore there needs to be a policy on how “trust” is assessed and what level of trust is
required for each actor in the information chain. However, the CVIS Project concept of
“aways connected” is analogous to the arrangement of the world-wide web where the basic
rule is “caveat emptor” and users make judgments about which sites they place their trust in.
For CVIS applications the user does not have the time to make judgments at the time of
information use and so there needs to be a method for ensuring that only trusted services can
be accessed. If community derived services are to be supported there needs to be a clear
policy on what sort of services are allowed and how trust is to be maintained throughout the
service delivery.
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6. Drivers

6.1. Driver education

CVIS applications have the potential to improve safety by improving the quality and flow of
information to drivers and, in the longer term, actively assisting in the driving task itself.
However the basic policy, and indeed the legal position, is that the driver is responsible for
being in control of the vehicle. ADAS products such as advanced cruise control adhere to this
principle and there are considerable obstacles to overcome (Stevens, et al., 2001) before any
aspect of CVHS can deviate from it.

CVIS systems should not require any increase in driver skill as they are intended to make the
driving task both safer and easier. However, there is a need for the driver to understand what
the system is doing and how they should interact with it. This means that there is a need for
CVIS systems to appear the same to all drivers and for some form of training prior to use.
Currently ADAS systems are regarded as part of the product and manufacturers and retailers
provide the training, largely through the user manual, perhaps augmented by verbal
instruction when the vehicle is handed over. In the case of rental or used vehicles neither of
these may be available.

There may need to be a policy in respect of the interface for CVIS that certain key important
aspects become the norm across all vehicles equipped with this technology. These aspects
include what systems the vehicle is fitted with, whether the default setting is on or off, how
the driver is aware of this and how, if permitted, the driver can de-activate the systems and
resume complete control whilst driving. Also of crucial importance are how any detected
faults are communicated to the driver and what their reactions should be?

Obvioudly al these features should be as intuitive as possible but there will be a need for
drivers to be able to assess what the car is fitted with, whether it is in on and whether it is
working correctly as soon as they sit in the driving position. Ideally, this is a policy that can
be agreed between the suppliers but they may be reluctant to propose complete commonality
because of the pressure to achieve product differentiation and competitive pressures in respect
of production costs. If thisis not being achieved it may be that the public sector will consider
the safety implications and put in place a more explicit policy. This policy may not only cover
the design of the interface to the user but also could extend the training requirements.

There is a shift in skills and awareness that the evolution from current vehicle technology,
through ADAS and towards CVIS brings about. The change is from an emphasis on the
driving task itself to being able to monitor the driving environment and the systems that are
assisting the driver to remain safe within that environment. The importance of that awareness
by the driver varies with the function of the CVIS system and the consequences of a system
failure. If the CVIS application is providing information on route or parking location then a
failure may result in inconvenience, whereas if it is providing information on speed or access
permissions then the failure could result in the driver being penaized for contravening a
regulation. Ultimately, any system that shares control with the driver needs much more
awareness by the driver asits failure could be catastrophic and lead to a collision or worse.

The range of interactions and consequences of failure means that there will need to be a
sophisticated approach to policy development in this area. A “one size fits all” approach is
unlikely to be sufficient as it will either be inadequate because it does not recognise the
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consequences of alack of skill on the part of the driver in monitoring the performance of the
CVIS application, or it will be too onerous and may stifle the introduction of beneficia but
relatively benign applications. In other words, automated lane keeping should be subject to a
more rigorous consideration of the drivers role than, say, permitted use of bus lanes which in
turn may need a greater degree of training and awareness by the driver than a dynamic route
guidance service.

6.2. Driver testing and licensing

Driving standards and tests to obtain a license are set nationally, but accepted internationally.
There are different standards and tests required for different types of vehicle, for example
heavy goods vehicles, public service vehicles, and (certainly in the UK) a difference is made
between being trained to drive on a vehicle with an automatic gearbox and a manua gearbox
(the former are not permitted to drive the latter but not vice versa).

The harmonization of licensing is continuing at the European level. This is a long term
process and various directives (e.g. 80/1263/EEC, 91/439/EEC) are dready in place.
Therefore CVIS needs to be considered as part of the European Union policy on driver
standards and licenses as well as within national jurisdictions.

The central question is whether competence in the use of CVIS should fall within the remit of
driver testing, and if so, what are the characteristics of a product or service that would mean
its users have to be licensed?

In the case of professional drivers increasing the training and testing requirements is much
more easily accomplished than for the general public. Where a CVIS application creates a
benefit to a professional operator, and that includes safety, then an economic case for driver
training can be made. For the general public, obtaining a driving license represents a
significant achievement at a persona level and also a non-trivial cost. Anything that makes
that harder or costlier is not going to be accepted.

An interesting dichotomy could open up. If CVIS applications are implemented that make
driving easier for al, and also make driving possible from some groups who have an
impairment that would bar them at present, then should it be possible to be trained just to
drive with CVIS assistance and the license restricted to vehicles with those facilities. Such a
license might be easier to obtain, might allow older people to have the ability to drive for
more years and could provide mobility to a greater range of disabled individuals. The price of
thisis being restricted to vehicles with CVIS capability and possibly to those parts of the road
network that have the matching infrastructure.

Alternatively, CVIS could be used for professional drivers and for access to certain “high
performance” sections of the network. In this case there may be a need for a higher level of
competence over and above that of the standard driving license. This raises the question of
who sets the standard and who is the licensing authority. It could be an extension to the
existing public sector approach or it could conceivably be a function of the operators of the
high performance network who could be public or private sector.

The idea of a further test that gains you some benefit is already current in the UK where
passing the Institute of Advanced Motorists (a private sector organisation) test is recognised
by some insurance companies as a mark of a more skilled driver who is at lower risk of an
accident and hence qualifies for a discount. In asimilar way, some “pay as you go” insurance
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schemes targeted at younger drivers encourage where and when drivers should be on the road
through the use of variable premiums. Driving late at night on rural roads is regarded as a
high risk and the premium per kilometre that is charged is significantly higher when the on-
board unit records such behaviour. Although the driver is not barred from any parts of the
network under such regimes the principle of access being at a premium is established, albeit
on a voluntary basis. Therefore it is possible to envisage CVIS training being an additional
and separate qualification from the standard driving training.
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7. Telecommunications

7.1. Spectrum allocation

At the time of this report there is a significant amount of work underway to develop policy in
respect of radio frequency spectrum management and allocation. In 2002 the European Union
published the Radio Spectrum Decision (European Commission, 2002)) that sets up a
framework for establishing and co-coordinating policy for the efficient use of the spectrum to
support wider EU policy on jobs and growth as embodied in the renewed Lisbon Strategy.
The Radio Spectrum Policy Group (RSPG) has been established with the mandate to provide
advice to the Radio Spectrum Committee on issues of a broad policy scope beyond the
technical measures that are usually the focus of such bodies.

One of the key areas being considered by these groups is the future policy on spectrum
alocation. Conventionally, the spectrum is divided up into bands that have dedicated
purposes or technologies with some bands being available for use by al without restriction
(“unlicensed bands’). However, it is now acknowledged that this approach is not an efficient
way to proceed as it creates resource limitations in what is an ailmost indefinite resource (in
the sense that it cannot be “used up”). Work is underway to develop an approach to spectrum
management based on an unlicensed model that supports service and technology neutrality.
The project is called the Wireless Access Policy for Electronic Communications
Services(WAPECS) (Radio Spectrum Policy Group, 2004). It is acknowledged that there
may an overriding technical reason why there may need to be exceptions to this approach, but
it is anticipated that these should remain the exception and that technical solutions using
“gpectrum plans’ and “spectrum masks’ that identify channels and set up power limits and
guard bands.

This approach is now underway and there is a plan for it to be fully implemented by 2010. In
the interim certain parts of the spectrum will be targeted to adopt this model within those
bands in order to speed up development (Radio Spectrum Policy Group, 2004). The approach
is considered to be a crucia factor in ensuring Europe retains its leading role in wireless
technology and in supporting the 12020 component of the Lisbon agenda for growth and jobs
inthe EU.

The new approach to spectrum allocation is important for CVIS as it will remove severa
potential obstacles to deployment, in particular the divergent regimes for spectrum allocation
that exist in different countries across Europe. For CVIS this new approach gives greater
choice to the technology providers and strengthens the multi-network/network independence
approach based on CALM. However, for the longer term when CVIS applications involve a
higher degree of control and hence have greater safety requirements there could be a
justifiable need for protected access to specific frequencies. This means that the CVIS
community needs to have in place structures that allow a harmonized approach and provide a
route to engagement with bodies such as the RPSG and its technical equivalent, the Radio
Spectrum Committee (RSC). However, the concept of the intelligent vehicle interacting with
its surrounding through radio communications is identified explicitly as an area for further
work buy the Commission (European Commission Directorate General Information Society
and Media, 2006). Presentations have been given to the RSPG on the requirements for road
safety applications using CVIS (Ferriara, 2006).
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7.2. Interference

The move towards an open market in spectrum use shifts the emphasis from regulatory
protection (usually accomplished at a national level) to technology based management. Whilst
the EMC directive (Directive 2004/108/EC) minimises unwanted and unintentional electronic
interference there is a need to maximize use of spectrum by allowing services to co-exist
within the same areas of the spectrum. Bearing in mind that certain parts of the spectrum will
be more “popular” for particular applications because of technical characteristics, e.g. signal
propagation characteristic, power requirements, antenna design, availability of low-cost
components, there will be a whole range of mobile, personal services available on individua
personal units sitting alongside CV1S.

The issue of the interaction between personal devices of people within vehicles is recognized
as significant. The current situation on aircraft where the use of personal devices is restricted
is seen as undesirable and would certainly not be expected or tolerated on buses, trains and
particularly in private cars. That said, restrictions on the way in which mobile phones can be
used in vehicles have had to be introduced because of evidence that the distraction has been a
significant causal factor in road. Currently, restrictions have been placed on using handheld
devices but there are concerns that the even calls on hands free sets may be unsafe. However
these are matters concerning driver behaviour not the interaction in terms of communication
systems.

The policy issue is that not only CVIS services but other mobile personal services must be
able to co-exist safely within the same part of the spectrum. There will need to be a duty on
all mobile service providers to work together to agree the required methods for avoiding
interference and for managing any contentions that do occur. This includes relative
prioritization of messages, use of alternative channels or frequencies for fallback in the case
of a detected failure. To achieve this there will need to be a clear policy framework that sets
out what must be in place to ensure safe operation of all services and this will involve both
transport and communications services policy bodies.
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8. Conclusions

8.1. Development of policy to support CVIS

The policy impact of CVIS is wider than transport and needs to be considered at al levels,
international, national and local. Creating and harmonising at the internationa level has the
longest timescale but needs to be informed by what local transport policy areas CVIS plays a
role in. Hence, the development of policy needsto be an iterative process.

At the international level policies must be put in place that allow products and services to be
offered across Europe. Firstly, these must cover al areas that require interoperability of
equipment so that a vehicle or device can be safely used in any locations where the supported
services are offered. Thisis of course subject to any commercia arrangements. Secondly, the
infrastructure systems must conform to known levels of service so that a service user knows
what to expect from the infrastructure component. Thirdly arrangements must be in place to
confirm and accept an individual driver's competence to use the service wherever it is
encountered.

National policy needs to consider where CVIS has arole to play in delivering transport policy
and how the international level policies are to be interpreted and merged, for example in
respect of driver licensing or vehicle type approvals.

The regiona and local levels are more closely involved with operational matters and hence
with how CVIS is deployed and operated. Operators will have to determine which transport
policies can be better delivered through CVIS and what the operational policies will be. These
operational policies will apply whether the service is being delivered through the private
sector, the public sector or by some sort of partnership arrangement.

Figure 7 shows a schematic of how the different policy layers contain different aspects. The
iterative process is to understand the operational need and create a policy framework that
enables that need to be met. A question for debate is whether thisis regarded as a very large-
scale process that is only iterated a small number of times or whether is should be a more
frequent cycle resulting in smaller evolutionary increments. The former requires a long term
view of the operational need and the CVIS applications that fulfil that need. The latter raises
issues of how to maintain backward compatibility with each increment over the long term.

It is clear that the complexity of the policy environment of CVIS creates a maor challenge.
Because CVIS applications can be effective across several policy areas at the same time and
because any CVIS service or systems integrates infrastructure, communications, vehicles and
their drivers then there has to be co-ordination between those who have a policy influence in
all those areas. The institutions and mechanisms to achieve this have yet to be devised and put
in place. This must be addressed otherwise a lack of policy and policy co-ordination could
become a significant barrier to deployment.
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Figure 7 CVIS Policy Schema
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8.2. Implications for technical requirements for CVIS Project core
architecture
The layered, modular design of the CVIS core architecture separates communication from

application. This is clearly beneficial because it separates the impacts of telecommunications
policies from those that influence the design of applications.

The policy towards type approvals and maintaining approval through software upgrades will
have implications. As has been noted the rigour of the type approva requirements will be
driven by the potential consequences of a failure in a particular application. However, type
approval will have to be at the system level so the layers below the application will have to be
capable of delivering the requirements of the most onerous application that could be run.

The implication of thisisthat it may be necessary to licence the CVIS in-vehicle platform to
support different generic types of application, for example driver information, driver
assistance, enhanced assistance that includes a direct interface to the vehicle control systems
and so on. Therefore, if the CVIS Project architecture is to be adopted for a wider range of
applications then the core design may need to consider the feature necessary for assuring the
safety, security and reliability of applications across al layers.

8.3. Implicationsfor CVIS Project field trials

The objective of the CVIS project are to demonstrate the technical feasibility of the open
architecture to support diverse applications and to show interoperability of the prototype
equipment in anumber of test sites. Evaluation of the field trials should consider two areas of
policy in particular; driver training and competence and system and equipment testing and
maintenance. The field trials will give some of the first practical insights into these aress.

The majority of other policy aspects are not relevant at this scale so the field trials are unlikely
to provide detailed information that can be used directly for policy development. However the
trials will be tangible evidence of how CVIS might be formed and used and this will raise the
profile of CVIS. It will be important that the various policy bodies at the different levels
shown in Figure 7 are made aware of CVIS so that they can start to understand the
implications. This may be a key factor in starting the process of creating the mechanisms for
co-ordination called for in section 7.1.
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