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Intelligent Transport Systems (ITS) and road safety

Summary

Many developments are taking place in the area of Intelligent Transport Systems (ITS) for traffic
purposes. Many of the current ITS applications are mainly aimed at increasing comfort while driving
and at improving accessibility. In addition, systems like the alcolock and the seatbelt lock are being
developed with the primary aim of road safety. There are also systems, such as Advanced Cruise
Control and Dynamic Route Information Panels, that are not specifically intended to improve road
safety, but that can have an effect. There are high expectations for the positive effects of ITS
applications. Public and political support, a possibly gradual introduction and cooperation between all
parties involved are essential for successful implementation.

Background and content

In road traffic extensive use is already being made of modern information and communication
technology, both at the roadside and in the vehicle itself. These technologies are generally known as
Intelligent Transport Systems (ITS). ITS allow making traffic flexible and dynamic, adjusted to current
circumstances. For some time now all kinds of ITS systems have been developed with road safety as
their primary purpose. Such systems are mainly aimed at supporting the driver in the driving task, so
that fewer errors will be made and certain unsafe behavioural choices will be avoided. These systems
are collectively known as Advanced Driver Assistance Systems (ADAS). Many of these ITS
applications fit excellently in the Sustainable Safety vision. A number of safety systems have been
tested in practice and are, technically speaking, ready to be marketed. Other systems are only
available as prototypes or are just a promising concept. It is to be expected that these systems also
will gradually become available in the future.

This fact sheet presents an overview of the various types of ITS, of their purpose, their functionality,
and of their (un)intended road safety effects. The preconditions for successful implementation are
discussed briefly and the roles that the various actors can play are considered. This survey is too brief
to deal extensively with all developments in this area. It will be limited to short descriptions based on
relevant research (Wegman & Arts, 2006; ADVISORS, 2003; ETSC, 1999; European Commission,
2002; OECD, 2003).

What types of ITS systems are there?
There are many ways to categorize ITS systems. Some of them are discussed below.

Categorized on technical aspects:

1. vehicle systems without interaction with data sources outside the vehicle;

2. roadside systems without interaction with data of individual vehicles;

3. systems that allow for interaction between individual vehicles and other data sources, such as
between vehicles or between vehicle and roadside.

The last category is the most 'intelligent' because these applications make it possible to communicate
up-to-the-minute situations to an individual driver. This can be information about, for example, weather
conditions, temporary speed limits, the exact location of the vehicle, or hazardous situations further
along the road. At present there are three projects, (co-)funded by the European Union, that are
concerned with these so-called cooperative systems: COOPERS, CVIS, and SAFESPOT.

Categorized on primary purpose:
1. management of traffic flows;
2. driving comfort;
3. safety, subdivided into:
a. systems that prevent unsafe traffic participation;
b. systems that prevent unsafe actions while participating in traffic;
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c. systems that reduce injury severity.

This classification needs taking into account that besides its primary purpose (e.g. driving comfort), an
application can have positive or negative effects in other areas (e.g. traffic flow or road safety). In
addition, it is sometimes possible that a particular safety ITS does not have the desired effect because
the driver, deliberately or unconsciously, adapts his/her behaviour (behaviour adaptation).

Categorized on function:

1. purely informative systems;

2. warning systems;

3. physically intervening systems.

The next two sections sketch a picture of what is already possible now, or will be possible in the near
future in relation with ITS systems. This overview is far from complete. The first section goes into
systems that are primarily aimed at road safety and the second section discusses systems that are
not, but may still have an influence.

Which ITS are primarily aimed at road safety?

Systems that prevent unsafe traffic participation

An already well-known example of systems that prevent unsafe traffic participation, is the alcolock.
Before drivers can start their car, they first have to take a breath test when an alcolock has been
installed. If the BAC is too high (often 0.2 g/l), the car will not start. This system is already being used
in various countries, especially for drivers who have been caught while driving under the influence. It
has a considerable effect on recidivism, see also SWOV fact sheet Alcolock. In the Netherlands there
are plans to introduce an alcolock programme for heavy offenders in 2011. The US and Sweden are
performing research into more advanced systems for alcohol detection which are suitable for building-
inin all new cars.

The seatbelt lock is based on the same principle: if the seatbelt is not fastened, the car will not start.
Many cars already have a warning system that operates via a small light, an audible signal or a talking
computer (see SWOV fact sheet Seatbelt reminders). The seatbelt lock goes one step further by
making it impossible to drive without wearing a seatbelt. A seatbelt lock particularly has an effect on
the outcome of crashes. The risk of being killed or severely injured is much greater without a seatbelt
than when wearing one. Currently, about 95% of drivers and front seat passengers and more than
80% of back seat passengers use their seatbelts in the Netherlands (see SWOV fact sheet Seatbelts
and child restraint seats).

A step further than the above applications is the smart card, which is a sort of individual starting
permit. All sorts of data about the driver's fitness to drive can be stored on a smart card, such as
information about the validity of the driving licence (vehicle type, licence suspension) and any
restrictions for using the vehicle, for example in case of a graduated driving licence (see SWOV fact
sheet The graduated driving licence). A smart card can also be used to automatically adjust seats,
headrests and seatbelts to the biometric characteristics of the driver. In the somewhat more distant
future it will be possible to use the smart card to adapt the in-vehicle information to the capacities and
limitations of the individual driver, for instance related to visual capacities.

Systems that prevent unsafe situations or actions while driving

Examples of systems that prevent unsafe situations or actions during traffic participation are systems
that offer support for vehicle control, record and/or prevent deliberate and unintentional offences, offer
support in observing, interpreting and predicting traffic situations, and react to a (temporarily) reduced
fitness to drive. The most well-known systems and their intended effects are grouped together and
described in Table 1.
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Category Name Abbrev. |Intended effect

Electronic Stability Control ESC Prevents a car skidding in a bend or when making a
manoeuvre (autonomous system)
((See SWOV-Fact sheet Electronic Stability Control

(ESC))
Vehicle control - . . . .
Lane Departure Warning System LDWS Warns when crossing the road marking (via video in
vehicle)
Lane Keeping System LKS Intervenes when crossing the road marking (via video

in car and servo-assisted steering)

Intelligent Speed Adaptation ISA Gives information about speed limit, warns of
exceeding the limit, or intervenes when speeding
(See SWOV Fact sheet_Intelligent Speed Assistance

(ISA))
Prevention of Electronic Vehicle Identification EVI Locates and follows a vehicle in the network; can for
offences instance be used for 100% chance of apprehension
when speeding
Electronic Data Recorder (black EDR Registers all sorts of driving behaviour. Can be used
box) both for punishing (possibly linked to Automatic
Policing) and rewarding (e.g. via insurance bonuses)
Collision Avoidance System CAS Warns or intervenes when a (moving) object is
Support for detected in front of the vehicle (also pedestrians)
observing, - : - ) . . -
interpreting Vehicle detection at intersections -- Warns or intervenes when crossing traffic is detected
situations Night time vision system - Improves night time vision, and thus timely detection of
pedestrians/cyclists
Temporarily Fatigue Warning System -- Detects deviations from normal brain activity, eye
diminished fitness | (Distraction Warning System) movements, or driving behaviour (e.g. in combination
to drive with smart card) and warns or intervenes

Table 1. Systems that prevent unsafe situations or actions while driving.

Systems that reduce injury severity

One type of an injury reducing system is the so-called pre-crash sensing system that increases the
effectiveness of passive safety instruments like seatbelt or airbag by calculating the collision angle, the
collision speed and the size of the collision object just before an unavoidable crash. Furthermore,
much European attention goes to eCall, a system that speeds up the arrival of assistance at the crash
location by automatically reporting the exact location of a vehicle involved in a crash to the emergency
centre.

Judging by the types of crashes which these systems are meant to prevent and how often they occur,
the conclusion must be that potentially there is much progress to be made. Simulator studies and
small-scale field tests of prototypes do indeed show that considerable effects are possible (Wegman &
Aarts, 2006; Van Kampen, Krop & Schoon, 2005, Morsink et al., 2008). Generally, systems which
actively intervene appear to be more effective than systems which warn, and these systems, in their
turn, are more effective than systems which only inform. However, the effect that ultimately will be
achieved in practice depends on the precise operation of the systems, their penetration level, and their
possible unintended side effects.

Possible side effects of safety ITS

Although in general the potential safety effects of the above mentioned ITS applications are large, the
ultimate effects can be disappointing. This is due to the fact that if circumstances change, people do
as well (behavioural adaptation). Possible unintended negative side effects of safety ITS are:

— Diminished attention level. When driving tasks are — partly — replaced by ITS, the driver's attention
for the driving task may decrease.

— Information overload. Road safety will benefit from an as low as possible mental burden on the
driver. ITS should not lead to an overload of information. Therefore it is important to give the right
information at the right moment, at the right place, for the right duration etc.

— Incorrect interpretation of information. The driver must be able to understand what the system does
and what it wants to do. The wrong interpretation of information can have the opposite effect.
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— Overestimating the system. The driver's expectations of a system must be realistic. The driver must
not overestimate the system or rely on it too much.

— Risk compensation. If a particular measure reduces the risk, some people are inclined to take more
risks in another way, resulting in a smaller net effect or, according to some, even reducing it to
zero.

— Effects on non-users. Especially if not all vehicles are equipped with a certain ITS system, itis
possible that some drivers without such a system anticipate the supposed behaviour of cars that do
have that system. It is also possible that car drivers without such a system would behave as if they
did have one (by mistake or imitation).

It is therefore important to also test ITS for possible unintended side effects. This is not always easy,
because often only prototypes are available at the time of testing. This means that the effects of partial
or complete implementation in practice can only be indirectly determined. In further developments
much attention will clearly be needed for human-machine interfacing (HMI) and good attuning to other
measures, like education.

Which other ITS systems can have road safety consequences?

Many ITS applications are not in the first place designed for road safety purposes, but for driving
comfort or traffic management purposes. Yet, these systems often also have a road safety effect. An
example of a system which is mainly being sold as a system to increase driving comfort, is Advanced
Cruise Control (ACC) (See SWOV Fact sheet Advanced Cruise Control (ACC)). With this system the
desired cruising speed and headway time can be set manually. Unlike the conventional cruise control,
ACC reacts if the vehicle gets too close to the vehicle in front, either by warning the driver or by
automatically reducing speed. However, ACC also affects road safety, both positively and negatively
(Hoetink, 2003). Positive effects are mainly to be expected on main roads outside rush hours and
under good weather conditions and with good visibility. Under those conditions ACC, among other
things, results in a lower average driving speed and in fewer very short headway distances. Use of
ACC is ill-advised in busy traffic on motorways and on lower order roads where overtaking is
permitted, and if there are many intersections and bends. In addition, there are indications that ACC
systems that actively intervene, result in faster speeds and shorter headway times, whereas the non-
intervening systems result in slower speeds and longer headway times (Dragutinovic et al., 2005).

Well known examples of traffic management systems are the Dynamic Route Information Panels
(DRIPs) which give information about congestion on certain road segments and, at the individual
vehicle level, the navigation systems which give information about the route to a particular destination.
It is to be expected that navigation systems will have a positive road safety effect because they
prevent indecisive driving behaviour and signpost searching. This also results in fewer kilometres
driven. It is of course important that the information is offered in the appropriate, auditory way, and that
the system is not manually operated while driving. The system will then in fact distract from the driving
task. It is not known whether navigation systems can also be bad for road safety because drivers
'blindly" follow the indications. Navigation systems could also be explicitly used for road safety
purposes by leading drivers along the safest route. Ideally, a road network should be designed in such
a way that the shortest route is also the safest route (see also SWOV Fact sheet Safety effects of
navigation systems).

The scarce information about road safety side effects of DRIPs shows both positive effects (slower
and more homogenous speeds; Goudappel Coffeng, 1999; 2001) as well as negative effects (moving
traffic to the lower order road network; AGV & Arane, 2004). Information about their road safety effects
should be taken into consideration for systems that are meant to spread the traffic in time and space in
an efficient way in order to lessen congestion (for example road pricing or congestion charging
(Eenink et al., 2007).

Allin all, it is necessary to also test the safety effects of those ITS systems that are not primarily aimed
at road safety. Where possible, we should actively search for possibilities of including safety issues as
an explicit part of the application. Until now this has only happened sporadically.

How is ITS implemented?

At present the implementation of ITS applications is mainly determined by what is technically possible
and whether there is a demand for it. Explicit policy is necessary for a good integration of ITS with
existing measures in order to meet the high expectations. A prerequisite is political acceptance, which
is often motivated by (supposed) public support. This acceptance is still limited, particularly for
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systems that actively intervene and thus limit the individual motorist's freedom of choice. What could
help to gradually increase acceptance is a step-by-step approach beginning with the information-only
system, followed by a warning system and only later introducing an actively intervening system. For
example, this is very well possible for the Intelligent Speed Assistant (ISA) which is one of the most
promising ITS applications and can be introduced in the near future. Furthermore, some technical and
legal aspects need attention, such as the systems being fraud proof, system safety, standardization
and liability in case of dysfunction. Indispensable for achieving the potential effects in practice is the
cooperation of all parties involved (governments, industry, knowledge institutes and interest groups),
both national and international.

Conclusion

ITS applications for traffic are in full development. There are high expectations of their road safety
effects. However, as yet there is insufficient empirical data to make correct quantitative statements
about the effects of large scale implementation. In general, however, theoretical analyses, simulation
studies and small-scale practical tests confirm that the effects can be substantial. The possible
unintended side effects of the applications should also be examined. Furthermore it is important for
road safety to also study the possible road safety effects of the ITS applications which do not primarily
aim at road safety. A continuous collective effort from all parties involved is essential if the
development and implementation of ITS are to stay on the right course.
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