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9 THE POTENTIAL OF  ITS TO IMPROVE SAFETY 
ON RURAL ROADS

Dr Risto Kulmala

Introduction

The purpose of the paper is to review ITS applications that may be useful in terms of
improving road safety in rural surroundings. The review was undertaken as a part of
comprehensive review on the potential of ITS for road safety. The author undertook
the review as a member of a working group for the European Traffic Safety Council
(ETSC 1998). Other working gropu members produced similar reviews for e.g. urban
areas, and the effects of ITS on accident consequences as well as exposure.

Safety problems in rural areas differ from those in urban areas for the following
reasons:

• problems more often connected to higher speeds

• weather problems are more prominent

• animal runovers are frequent

• single and meeting accidents are more frequent

• vulnerable road users are not very prominent in accidents

• incident related secondary accidents are frequent especially on motorways

• heavy goods vehicles play a more prominent role in the accidents

ITS measures applied for the purpose of improving safety in rural or inter-urban
roads reflect the specific problems on these roads. ITS applications affect accident
risk via a number of mechanisms. Some applications are designed to reduce
accident risk by supporting the drivers in a number of ways. Some monitor the state
of the driver or the vehicle, and inform the driver of deficiencies detected. Some aim
at reducing accident risk by informing and warning drivers of currently threatening
hazards, like following the vehicle in front too closely, or hazards to be expected
ahead on their route, like an incident blocking the road. The expectancy is that road
users would utilise the information by adapting their behaviour to account for the
hazard and thus avoid a collision. A number of applications control traffic behaviour
with the help of variable message signs or signals  to harmonise traffic flow or to
achieve greater separation between road users, in order to reduce the risk of
collisions. Yet another group of systems, most still under development, aim to reduce
accident risk by taking over control of the driving task and intervening at instances of
increased risk to eliminate it or at least to reduce it to an acceptable level. Some ITS
measures are also safety relevant by affecting exposure or the severity of accident
consequences. The various ITS measures are reviewed below.
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9.1 Speed Adaptation
The adaptation of driving speed to the prevailing circumstances is a primary way of
controlling the crash risk of the driver. Different systems exist, ranging from
informative to intervening systems.

The informative systems include many variants. Giving individual or collective speed
feedback to the drivers has proven to be successful, and accident reductions have
been observed (Elvik et al. 1997). Speed recommendations can be given at critical
locations such as sharp bends with considerable effects on speeds (Federal
Highway Administration 1997b). Speed recommendations can also be given via in-
vehicle systems signalling with light and sound if the driver exceeds the speed limit.
Such systems are expected to reduce the number of injury accidents by ca. 10%
(Carsten & Fowkes 1998).

Speed adaptation with the help of varying speed limits have been tried especially in
the connection of weather related traffic management systems by lowering the speed
limits in adverse conditions. A variable speed limit system integrated with a fog
warning system reduced the number of injury accidents on a German motorway by
ca. 20% (Balz & Zhu 1994), and a variable speed limit system integrated with a
slippery road warning system on a Finnish motorway by ca. 10% (Rämä 1997). Both
studies reported significant reductions of mean speeds (3 to 9 km/h) in adverse
weather conditions, and the latter also a significant decrease in speed variation. A
Dutch fog warning system including a text warning (“fog”) and dynamic speed limit
VMS signs on a motorway, reduced speeds in fog by 8 to 10 km/h, although in
extremely dense fog, the system had an adverse effect on speed. This was due to
the too high lowest possible speed limit display in the VMS (60 km/h). A more
uniform  speed behaviour was obtained due to the introduction of the system
(Hogema, et al., 1996).

Variable speed limits have also been applied by schools, resulting in a 20% accident
reduction (Elvik et al 1997).

Automated speed enforcement systems aim at more efficient speeding detection and
feedback. The systems have been effective in lowering the percentage of speeding
drivers and thus the average speeds by ca. 10%. The overall estimate of the effect
of the automated  enforcement systems is a 17% decrease in the number of injury
accidents (Elvik et al 1997, Federal Highway Administration 1997a, Malenstein &
van Loosbroek 1997, Mäkinen & Rathmayer 1995, Perrett & Stevens 1996).

The most promising system is Intelligent Speed Adaptation (ISA) or External Vehicle
Speed Control (EVSC), which has been estimated to reduce accidents by ca. 35%
as a compulsory and intervening system (Carsten & Fowkes 1998, Gustafsson 1997,
Lind 1997). Várhelyi (1997) has estimated that automatic speed limiting on rural
roads would reduce the total number of injury accidents in Sweden by about 10%.
ISA in conditions of low friction would decrease the total number of injury accidents
by ca. 12% and ISA in darkness by 12%.
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9.2 Collision avoidance
Collision avoidance here covers a number of systems ranging from Adaptive Cruise
Control to headway adaptation systems and to actual Collision Avoidance Systems.
Cruise Control systems reduce driver stress but can also cause safety problems in
critical situations, if not properly designed (Gustafsson 1997). Autonomous
Intelligent Cruise Control have been shown to decrease speed variability but
reduced headways indicating increased accident risks. Active gas pedal control
tends to increase headways indicating improved safety (CEC 1996). A simulator
study indicates that Adaptive Cruise Control reduces journey speeds and
overtakings, resulting in somewhat increased safety (Gustafsson 1997).

To ensure safety, cruise control systems should be accompanied with actual
collision avoidance systems. Interfering systems have been found to have more
positive effects on behaviour in the form of for example longer headways than just
informative systems. Properly designed collision avoidance systems should be able
to improve safety drastically (CEC 1996, Lind 1997). Hiramatsu el at (1997) have
estimated that an automatic collision detection and prevention system would prevent
45% of road fatalities in Japan. Similar estimates are given by Sala et al. (1997) for
Anti-Collision Assist (ACA) systems, and by the Federal Highway Administration
(1997a) for collision warning systems. Perrett & Stevens (1996) predict a 80%
reduction in fatalities due to anti-collision systems.

Drivers are usually quite negative to the introduction of interventional systems while
systems offering information or recommendations are ranked considerably higher
(Carsten & Fowkes 1998, Gustafsson 1997, Varhelyi 1997).

Systems for headway adaptation have included individual headway feedback (Elvik
et al 1997) and individual dynamic headway recommendation (Rämä et al 1996). A
small reduction (6%) of accidents has been observed for the former system, whereas
the latter resulted in a reduction of very short headways in addition to a minor mean
speed decrease.

9.3 Weather information and maintenance
In addition to speed control, the high accident risks caused by adverse weather
conditions can be decreased by providing information, warnings and support to road
users, but also by combatting the weather problems with the help of winter
maintenance. A Finnish study (Rämä et al. 1996) showed that slippery road warning
VMS decreased mean speeds by ca. 1 - 2 km/h when the signs were lit. The system
was also shown to affect the direction of attention to find cues showing potential
hazards, and to make passing behaviour more careful indicating an even larger
impact on accidents than that due to lower speeds (Luoma, et al., 1997).

The automatic fog-warning system on the M25 motorway in England displays the
“Fog” legend on roadside matrix signals. The assessment of this system showed that
the net mean vehicle speed reduction was ca. 3 km/h, when the signals were
switched on as a result of the formation of fog (Cooper and Sawyer, 1993). Collision
warning systems are probably beneficial to road safety in the fog (Saroldi et al.
1997).
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Enhanced winter maintenance  as a result of application of ITS for optimising the
winter maintenance vehicle routes has been demonstrated to improve the efficiency
of maintenance actions, which in turn leads to an improvement of safety (Federal
Highway Administration 1997b).

9.4 Vision enhancement
Vision enhancement systems could be beneficial to safety in the dark or in poor
visibility. Ultraviolet light, laser systems etc. have been promoted (Clowes 1997,
Nishimura & Nagaya 1997).  Systems assisting car drivers in detecting motorcycles
and incorporating this function in various safety warning systems could improve
motorcycle safety (Hsu 1997). Drivers can also be warned of upcoming junctions,
and the angle of the headlights can be adjusted to help the driver see around turns
(O’Shea 1997).

Rumar (1997) has studied the feasibility of a unified, adaptive vehicle illumination
system, including direct and indirect illumination systems, systems for adverse
weather and street lighting conditions and daytime running lights. The extent of road
safety impact of such a system will rely on how drivers will adapt their behaviour to
the increased visibility conditions. Drivers usually compensate for the improved
vision by increasing their speeds. This has been demonstrated by for example
Kallberg (1991).

Lane keeping assistance and collision avoidance systems with game detection
capabilities could reduce run-off-the-road and animal accidents considerably
(Federal Highway Administration 1997a). Roadside systems detecting large animals
(elks, moose, deer, reindeer) and warning the drivers of them via Variable Message
Signs (VMS) are under development and testing.

9.5 Lane keeping
Lane keeping support systems are expected to reduce the number of meeting
accidents and single run-off-the-road accidents. The vehicle safety system may for
example warn drivers who begin to stray from the road (O’Shea 1997). A road
departure avoidance system could halve the risk of single run-off-the-road accidents
according to Najm & Burgett (1997).

On motorways, the systems have been estimated to reduce the total number of
accidents by 1% (Perrett & Stevens 1996).

9.6 Driver and vehicle monitoring
A number of systems exist for detecting driver impairment caused by drowsiness,
illness, or drug abuse, and then informing and warning the drivers or even
performing an emergency control function that will stop the vehicle if the driver is no
longer capable to drive safely (Coda et al. 1997, Hancock & Verwey 1997, Lind
1997, Renner & Mehring 1997). Some systems even attempt to detect whether the
driver is losing attention to the driving task (Clowes 1997).

On-board safety monitoring systems in heavy goods vehicles determine the safety
status of the vehicle and cargo (Evanco 1997). Vehicle monitoring senses and
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collects data on the condition of various vehicle components that could affect safety
such as the brakes, tires, and lights. Cargo monitoring senses unsafe vehicle cargo
conditions such as cargo shifts. If unsafe conditions are detected, warnings can be
provided to the driver and, subsequently, transmitted to the transport operator and
the appropriate enforcement authorities. Automated roadside safety inspections
allow electronic access to the safety records of carriers, vehicles, and drivers in
order to determine which vehicles should be stopped for an inspection. The
inspection process is automated through the use of sensors and diagnostics to
establish the integrity of safety related vehicular components. A large-scale
introduction of the systems could reduce heavy goods transport related fatalities by
perhaps 15% (Evanco 1997).

The use of an accident data recorder (‘black box’) on commercial vehicles for driver
monitoring purposes resulted in a substantial accident reduction as well as a
decrease in the severity of the accidents. Driver monitoring functions on private
vehicles have also indicated changes in driver behaviour which indicate improved
safety. (CEC 1996). The  introduction of  digital tachographs in all heavy vehicles in
Europe and elsewhere in the beginning of the next century will bring about
improvements in heavy vehicle safety (Miyake 1997).

Perrett & Stevens (1996) estimate that driver and vehicle monitoring systems could
reduce the total number of accidents by 4%. Lind (1997) estimates that with a very
high implementation level, a driver monitoring system could reduce injury accidents
by 20%.

9.7 Freight and fleet management
The use of Mobile Data Communications, Global Positioning Systems (GPS) and
Trip Recording could lead to a substantial reduction in the total distance travelled by
commercial vehicles. In terms of hazardous goods monitoring and control, a
significant reduction of alert time from the usual hours to a few minutes has been
noted (CEC 1996).

The CHAUFFEUR Tow-Bar system consists of a human driven leading truck and a

driverless following one (Vogel & Schwarz 1997). The system can considerably
increase the efficiency of heavy goods transport. The direction and magnitude of the
safety impacts depend largely on system safety as well as behavioral adaptation
issues..

In Britain, the implementation of freight and fleet management systems is expected
to reduce accidents mainly due to less (3%) distance travelled (Perrett & Stevens
1996).

9.8 Incident management
Incident management includes the detection, warning and clearance of incidents.
The safety benefits are obtained by avoiding secondary accidents as a result of
quicker incident management provided by the introduction of ITS. The accident
reduction due to a comprehensive incident management system has been estimated
as 28% (Lind 1997).
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Incident warnings are provided by roadside VMS or beacons, and via radio and
cellular information services. Studies usually show accident reductions on the IWS
(Incident Warning System) equipped motor way sections.  The whole range of the
effect on the total number of injury accidents is from - 35% to + 9%, where the
largest reductions may include bias caused by the regression-to-the-mean effect.
The effects are more beneficial on secondary accidents (Kulmala et al 1995). Very
little information exists of the safety effects of radio based IWS systems such as
RDS-TMC (Radio Data System - Traffic Message Channel). According to Elvik et al.
(1997) , rear-end injury accidents have decreased as a result of queue warning
systems on motorways whereas the number of rear-end accidents resulting in
property damage only have increased.

9.9 Flow control
Safety can be improved by not just reacting swiftly to incidents but also by
preventing them by harmonising and smoothening of the traffic flow. This can be
accomplished by ramp control (or ramp metering), lane control, route diversion
schemes, and in general traffic management. Safety is also expected to be improved
as a result of extensive deployment of automatic tolling on motor ways due to the
elimination of traffic channelling at toll plazas as well as of the possible queues and
unnecessary stops (Bandmann &  Finsterer 1997).

Lane control has little effect on injury accidents (Perrett & Stevens 1996, Elvik et al.
1997). Ramp control is considerably more beneficial to safety, the accident reduction
on equipped motorways being up to  10% as such, and more than 15% as a part of
an integrated  motorway management system (Federal Highway Administration
1997a, Lind 1997, Perrett & Stevens 1996, Tarry 1997).

Route diversion schemes are beneficial to safety only when the diversion does not
increase exposure (driving distance) too much and does not divert traffic to roads
with higher accident risk. Unfortunately, this is very seldom the case. The opposite
case is shown by for example Lashermes & Zerguini (1997). Traffic management
centres and the introduction of freeway service patrols decrease the number of
accidents to some extent (Federal Highway Administration 1997a).

9.10 Route guidance
Results concerning route guidance systems are varied and contradictory. Some
results indicate that the systems decrease exposure by directing drivers to their
destination along the shortest routes and without the need to look for the destination
by driving around. Other results indicate that owners of these systems start to make
new trips to places that they are not so familiar with, thus increasing exposure. It is
also clear that in-car route guidance systems distract the drivers from their normal
driving task, but, on the other hand, to a lesser extent than a conventional map (CEC
1996, Ståhl et al. 1997, Winkler & Nowicki 1997).

Quantitative analyses show very small accident reductions due to dynamic route
guidance systems but a risk for more accidents if route diversions from motorways
are frequent (Federal Highway Administration 1997a, Elvik et al. 1997, Perrett &
Stevens 1996).
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9.11 Emergency alarms
The consequences of accidents in the form of the severity of the injuries are greatly
influenced by the speed and efficiency of help and rescue measures. Automated
collision notification systems, consisting of vehicle-mounted collision sensing,
locating, processing, and communications equipment, automatically and immediately
notify emergency medical service (EMS) dispatchers when a collision occurs
(Bandmann &  Finsterer 1997, Carter et al. 1997). The systems also include
emergency telephones despite the significant increase in the number of drivers and
vehicles equipped with mobile telephones (Clowes 1997).

9.12 Conclusions
A number of systems exits with high safety potential in rural roads and motorways.
The safety impacts of some ITS systems have already been verified in field studies
and medium-scaled demonstrations, while in many cases the estimates of the safety
potential rely on prospective safety analyses.

On motorways, the most safety beneficial systems number have a potential of
reducing injuries and fatalities by about 10 - 15%. These systems are:

• motorway control systems

• driver and vehicle monitoring systems

• intelligent speed adaptation

• collision avoidance systems

• incident management

• automated speed enforcement

On other rural roads, current systems with the potential of reducing injuries and
fatalities by more than 10% are fewer than on motorways, but more effective.
Intelligent speed adaptation  has a 30% and automated speed enforcement a 20%
injury reduction potential. The ITS systems with the highest safety potential on rural
roads are:

• intelligent speed adaptation

• automated speed enforcement

• speed control systems with variable speed limits

• driver and vehicle monitoring systems

Much of ITS development on inter-urban and rural roads has concentrated in
motorways, including the development of safety relevant ITS. The safety problems of
rural roads, however, concentrate on other rural roads than motorways. Hence, also
the implementation of ITS for the purpose of improving safety should concentrate on
other rural roads than motorways.
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