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SUMMARY:

This document identifies the requirements for the requirements for the Smart RRS
Primary Safety System. It’s main points include:
•

That we are proposing a modular based sensing system that automatically
disseminates information to drivers approaching a potentially higher accident
location, for the purposes of this project a crash barrier, and passes data back to
a control centre or to software (via the web) that to notify the Emergency Services

•

That the System development should focus on rural, low technology roads.

•

That the most likely parameters to be sensed by the system include: oncoming
traffic, vehicle speed, ice, rain (wet road surface), stationary objects and reduced
visibility. Consideration will be given to all of these although they may not all
make it into the final project demonstration.

•

Preliminary technology options have been considered for all of these parameters.

•

Solar and wind energy harvesting have been identified as the best candidates for
remote power sources.

•

Vehicle activated signage is the most likely option as the means for
communicating warnings to a driver. In future in-vehicle options might be
attractive. A number of warning messages for the system have been proposed.

•

A set of requirements for the project have been developed. The most important
of these are: to sense the parameters listed above, to demonstrate how the
system might communicate with the driver, to log and communicate data from the
sensing nodes to a remote control centre (including a certain amount of
diagnostic data). It is required that the system be capable of being integrated into
a crash barrier without increasing its potential to cause harm or degrading the
performance of the barrier. It is also required that the system make minimal
demands for additional infrastructure, for either power or communications.

•

A section on environmental requirements briefly considers the need to withstand
the demands imposed by the weather and EMC standards.

•

Economic requirements are considered with a comparison to the cost of standard
barrier installation. A useful output of the project would be a better understanding
of the costs and cost targets for a Smart RRS Primary Safety System.

•

Initial consideration of the demonstration system format has been made.
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1.

INTRODUCTION

1.1 PURPOSE OF THIS DOCUMENT

The main purpose of this document is to identify the requirements (and the reasons
behind them) for the Smart RRS primary safety system. These requirements will guide
the safety system’s development as the project progresses. They are mainly focussed
on the safety system which will be demonstrated towards the end of the project.
However, they will also be informed, where possible, by the requirements of a future
commercial system. The key requirements statements are listed in Sections 8 and 9 of
this document.
In addition, the document:
•

examines the subject of energy scavenging (an understanding of which will
inform the power requirements for the system);

•

considers the means by which the primary safety warnings might be
communicated to the driver (an understanding of which will be important in
determining the nature of the final demonstration system).

1.2 DEFINITION OF PRIMARY SAFETY SYSTEM

In this context, a primary safety system is one which contributes to accident prevention.
Secondary safety systems mitigate the effects of an accident during a crash event and
tertiary safety systems mitigate the consequences of an accident after an event.
The primary safety system in the Smart RRS project will contribute to accident
prevention by providing timely and useful information to the driver that will assist in
preventing barrier collisions (and indeed other forms of accident) from occurring in the
first place.
1.3 ASSUMPTIONS

This document attempts to generate some requirements based on an understanding of
accident causes and a review of what is currently feasible to sense and communicate
to a driver. However, a number of assumptions about the nature of the Smart RRS
Primary Safety System are brought into the project from the proposal phase. These
can be summarized as follows:
•

The system is intended to reduce the number of accidents by providing timely
and useful information to the driver about road risks in the vicinity of the crash
barrier.

•

It should be capable of being integrated with the road restraint system.

•

It should be cost effective – in terms of materials costs, installation costs and
running costs.

•

It should minimize additional demands on the infrastructure such as power and
communications buses.

•

It should not present any additional risks to those colliding with the road
restraint systems – particularly vulnerable road users such as motorcyclists.

•

It should be robust against the environment.

•

It should be robust against system degradation (e.g. the loss of a sensing node
will not prevent the system as a whole from functioning).
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•

It should be robust against false triggering (so that, for example, emergency
services are not called unnecessarily).

•

Each sensing node should know its location.

•

Sensing nodes should be modular – additional functionality to be easily
integrated depending on the location.

•

The system should be capable of being integrated with other roadside
infrastructure and traffic management systems.
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2.

APPLICATION AND DEMONSTRATION SCENARIOS

2.1 INTRODUCTION

This section identifies the main locations for a Smart RRS Sensing System and
analyses the issues that these might present for a Smart RRS system.
It should be noted that, as it stands, this is a UK-centric view.
2.2 SCENARIO 1 – MOTORWAY

Roadside hazard
e.g. a tree!
Roadside crash
barrier shielding
specific off-road
hazard
In-carriageway
hazard
Median
crash
barrier

“Slow down:
Object in
lane 1”

Motorway
messaging
gantry

Smart
RRS
unit

Figure 1: Motorway (only one carriageway shown)
2.2.1 DESCRIPTION

•
•
•
•

Smart RRS units embedded at regular intervals along median crash barrier.
Smart RRS units embedded in intermittent roadside crash barrier.
Data (information about in-carriageway hazards and incidents) transmitted back to
motorway control centre.
Information fed to existing variable messaging signs (VMS) from control centre.

2.2.2 SENSING

Sensed parameters might include (not all will be possible):
•
•
•
•
•
•

Speed.
Road surface condition (ice etc.).
Weather (particularly visibility related).
Obstructions in carriageway: dropped cargo, animals, accidents, stationary traffic,
parked vehicles.
Traffic conditions (e.g. traffic congestion, slowing)
Temporary road works.
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2.2.3 ISSUES

•

•

•

•

Whatever is sensed will need a high coverage. Motorways are carefully designed
to be low-risk roads (large bend radii, good sight-lines and carefully laid out
junctions) with few, if any, accident “hot-spots” where the sensing capability can be
concentrated. So for example, if icy road conditions are to be sensed, then it will be
of limited use to have such sensing only sporadically.
In the UK, at least, such systems might need to be linked to the Highways Agency’s
control centres. Typically hazards have to be assessed by operators (via the
existing camera network) before notification is provided to the motorway’s gantry or
roadside message boards. In a system involving human intervention, there is
therefore significant latency in the message reaching the driver. This would not
necessarily be a problem for a totally automated system.
Existing message board infrastructure is extensive as is the camera coverage of
the motorway network (although not continuous). Best coverage will be around
areas of highest traffic density, but these are areas where existing sensing
infrastructure (via camera, inductive loops and sometimes radar) has good
coverage and Smart RRS would have limited applicability.
Again in the UK, since January 2005, the Highways Agency has mandated the use
of concrete step crash barriers on the median strip for all motorways with an AADT1
of greater than 25 000 vehicles/day2. This raises the question: for what range of
crash barriers should a Smart RRS primary or tertiary safety system be developed?

2.3 SCENARIO 2 – ‘A’-ROAD – HIGHWAYS AGENCY MANAGED.

UK ‘A’ roads tend to be the historic trunk roads connecting towns and cities. They can
be dual carriage way or single carriageway. Those that are dual carriageway do not
usually have the safety features of a modern motorway (e.g. hard shoulders) and were
not historically designed for good sight lines. Junctions are often adapted as well as
can be expected within land-use constraints for the needs of high-speed traffic. Thus,
per vehicle-kilometre, ‘A’ roads in the UK are almost five times more dangerous (in
terms of number of accidents per vehicle-kilometre)3 than motorways.
Only the most major of ‘A’ roads are managed by the UK’s Highways Agency and are
in fact mostly dual carriageway. Less busy ‘A’ roads are managed by local authorities.
2.3.1 DESCRIPTION

•
•
•
•

Smart RRS units embedded at regular intervals along the median crash barrier
(where the roads are dual carriageway).
Smart RRS units embedded in intermittent roadside crash barriers.
Data (information about hazards and incidents) transmitted back to highways
agency control centre.
Little or no existing infrastructure for messaging to drivers.

1

Annual Average Daily Traffic
http://www.standardsforhighways.co.uk/ians/pdfs/ian60.pdf
3
This statistic relates to all ‘A’ roads not just HA managed ‘A’ roads so may not be
representative for this scenario.
2
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2.3.2 SENSING

The same parameters can in theory be sensed as per the Motorway case (Section
2.2.2).
2.3.3 ISSUES

•

•

The lack of means for feeding back to road users is clearly an issue. Feedback of
tertiary-sensing (crash event) information back to a central control centre is of
value, but without a means to feed back information to the driver, the existing
situation makes primary sensing of little value – except as an input to the Highways
Agency road data service.
The alternative to roadside variable messaging systems would be direct
transmission of a message to a receiving device inside the vehicle. A move to
electronic infrastructure-to-vehicle (I2V) communication might be the ultimate goal
for a Smart RRS primary safety system but at present standards for such
communication systems are still under development. It may be possible to develop
a simple system be devised for communicating a simple warning to a smartphone
or in-car PC via a website or a specially set up WiFi link. The project itself does not
have sufficient scope to develop an in-vehicle application specifically for this
purpose.

2.4 SCENARIO 3- URBAN ROADS

It is unlikely that there will be much mileage of crash barrier on low speed urban road
situations (of any class). It is also assumed that in urban situations, there is already a
great deal of sensing infrastructure – particularly relating to road junctions and traffic
lights / traffic management systems. This scenario will not therefore be considered
further.
High speed urban roads can be treated under scenarios 1, 2 or 4 as appropriate.
2.5 SCENARIO 4 – LOCAL AUTHORITY MANAGED RURAL ROADS (ALL CLASSES).

Local authority managed ‘A’ Road networks are less likely to be dual carriageway and
therefore will not have continuous stretches of crash barrier on which to mount a Smart
RRS type system. This is certainly true of ‘B’ and ‘C’ class roads. Crash barriers will
only be found at places along the road where, if a car were to leave the carriageway, it
would provide a significant danger to the vehicle or to others.
2.5.1 DESCRIPTION

•
•
•

Smart RRS units embedded in intermittent roadside crash barrier.
Data (information about hazards and incidents) transmitted back to local authority
control centre.
Little or no existing infrastructure for messaging to drivers.

2.5.2 SENSING

The same parameters can in theory be sensed as per the Motorway case (Section
2.2.2).
However, a more sensible approach in this case would be to target the sensing to the
specific risks that relate to the crash barrier site. For example, if the crash barrier is
located on the outer curve of a bend, the sensing system might be geared towards
sensing risks that are not yet visible to the driver / rider (oncoming traffic, slow moving
in-lane traffic, etc.).

Page 9/55

WP 4

DEVELOPMENT OF SMART RRS PRIMARY SAFFETY SYSTEM
Project nº 218741
Co-financed by European Commission

2.5.3 ISSUES

•
•

These are largely the same as those highlighted in section 2.3.3 – i.e. relating to
the lack of infrastructure for communicating to the driver.
It should be noted that some of these roads would be classed as among the most
dangerous in the UK, calculated according to numbers of accidents per vehiclekilometre. Many of those deaths are of motorcyclists. For example, Britain’s most
dangerous road (according to EuroRAP) is a stretch of the A537 between Buxton in
Derbyshire and Macclesfield in Cheshire. Again according to EuroRAP, three
quarters of deaths or serious injuries on Britain’s most dangerous roads involve
motorcycles. According to one source4, if motorcycle-related collisions are
removed from the A537 statistics, it becomes one of the safest roads in the country!

2.6 SUMMARY

This is a brief summary of the main issues covered above.
•
•

•
•

4

The UK Motorway network, while providing both the crash barriers on which to
mount the Smart RRS primary safety system and the traffic messaging
infrastructure, is already well covered from a sensing point of view.
Highways Agency-owned A-road network, with perhaps greater justification for
additional sensing infrastructure has little or no signage with which to
communicate with the driver – pointing to a need to consider other means for
relaying messages to drivers.
Urban roads have few or no crash barriers and are not considered further.
Local authority managed rural roads have intermittent barriers relating to specific
off-road risks but no driver communication infrastructure.

http://en.wikipedia.org/wiki/Cat_and_Fiddle_Road
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3.

POSITIONING STATEMENT

In order to focus the project to a manageable scope, decisions about the type of road
scenarios we will consider have had to be made. This section identifies the road type
on which we will concentrate for the remainder of the project. The text of this section
has been provided largely by Mouchel in consultation with TRW Conekt and argues for
the development focus being on application of Smart RRS to a rural low-tech road
network.
3.1 INTRODUCTION

The broad technical remit of the Smart RRS project is clear: that is to develop Primary,
Secondary and Tertiary safety improvements for road users through the innovative use
of road restraint systems.
However, the design of the sensor unit and communications systems cannot come
before a common understanding of how the system will be deployed is agreed. Both
the technical reporting and the final demonstration rely upon this fundamental policy
decision being made.
Mouchel and TRW, therefore, have been discussing this issue diligently and have
come to a mutual understanding about the best way forward.
3.2 PURPOSE

This section was originally written for dissemination within the Smart RRS consortium
with a view to gain agreement from all partners to this development position.
3.3 POSITION

For the purposes of this project we (Mouchel and TRW) believe that the Design and
Systems Architecture relating to the sensor development must reflect the inherently
more challenging rural road network; where the full benefit can be realised and the
most useful end product can be delivered.
The reasons for this conclusion are summarised below:
Opportunity to Use
The output from the Smart RRS project should be a product that is useful and relevant.
The number of roads across Europe that have little or no communications infrastructure
far outweighs those roads that possess Intelligent Transport Systems.
A Scalable Solution
A system designed to work in a low-tech environment (e.g. rural road) from the outset
is significantly more scalable than a system designed to work in a high-tech (motorway)
environment.
It is more appropriate (and easier) to adapt the product to fit the relatively hi-tech
motorway network than the other way around.
Equipment Duplication
Overlap between Smart RRS Primary sensing parameters and existing products used
on Motorways (such as induction loops, CCTV, meteorological stations etc) could
cause a conflict and limit the value of a Smart RRS system.
A summary of such duplications is shown below:
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Sensing parameter

Hi-tech roads

Low-tech roads

Traffic volume

Inductive loops. Newer
single point magneticbased sensors are being
introduced.

Inductive loops associated
with traffic light systems

Lane occupancy

As above.

Typically none.

Congestion

As above.

Typically none.

Instantaneous vehicle
speed

As above but might include
radar-based systems.

Possibly radar system
associated with automatic
speed warning signage.

Average vehicle speed

ANPR5-based systems.

Typically none.

Static or slow moving
obstructions

Camera-based systems
feeding images back to
control centres.

Typically none.

Road condition

Sensors exist –not sure
how widely they are
adopted.

Typically none

Visibility

Roadside weather stations

Typically none

Other Issues
•

Many motorways already have modern safety systems and features, whereas rural
roads tend to have been neglected in this respect;

•

Maintenance and access constraints on a motorway network are prohibitive and
would represent a more expensive scenario, particularly if some aspects of the
project (such as the Primary Safety System) were to be trialled on a public road.

3.4 CONCLUSION

We consider that to design the Smart RRS sensor and subsystem with a rural, lowtech road network in mind will maximise the potential for a useful system, capable of
being deployed on typical motorway roads with few modifications. This approach is
applicable for the academic study and demonstration development phases of the
project.
This stance should not be confused with the decision on where finally to install a Smart
RRS system. That would always sit with the individual authorities who would decide
which roads were most in need of such a solution.

5

ANPR – automatic number plate recognition.
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4.
4.1

ACCIDENT CAUSATION
INTRODUCTION

This section, together with the following two sections, is intended to identify the most
important sensing tasks for the Smart RRS “primary” sensing system.
The primary data source for much of this section is Atkins’ “Review of Accident
Statistics6” undertaken for the Smart RRS project. This draws largely on the UK
Department for Transport’s (DfT) annual report “Road Casualties Great Britain”,
particularly the most recently published document for 2007 (RCGB20077). It makes
some reference to the 2006 report for an analysis of junction-related statistics
(RCGB20068).
Atkins’ report also draws on a number of other sources including statistics from the
Motorcycle Accidents In-Depth Study (MAIDS) project final report9 and an analysis of
statistics from one of the UK’s traffic control regions (“MAC Area 11” which is an area
to the North and East of Birmingham). This regional information enabled a more
detailed examination of accidents than the DfT reports provide – in particular it included
an analysis of accidents associated with barrier hits.
The MAIDS project is particularly relevant to this project since it relates entirely to
motorcycle accidents.
Note that, as it stands, this document provides a very UK-centric view.
4.2 DRIVER / RIDER ERROR OR REACTION

According to Atkins’ Review of Accident Statistics which quotes RCGB2007, this is the
single most common category of accident with 68% of all accidents having at least one
cause under this heading. It is broken down into a number of more detailed
subcategories (the actual contributory factors), the most frequently occurring of which
are:
•

Failed to look properly (implicated in 35% of all accidents).
RCGB2006 carried out a more extensive examination of this category and found
that of all the accidents which included “failed to look properly” as a contributory
factor, 75% occurred at or near a junction.
It also states that motorcyclists are most likely to be in accident with another
vehicle that “failed to look properly”. This is backed up by the MAIDS final report
which states that in 36.6% of all cases, the primary contributing factor was a
perception failure on the part of the “other vehicle” driver.
Note too that this factor is more likely to be implicated on “A” and lower
designated roads than on motorways.

•

Loss of control (implicated in 19% of all accidents).

6

D Topham; Smart Road Restraint Systems Review of Accident Statistics; Atkins Document
Ref. 5064460/27/04/09, May 2009
7
Road Casualties Great Britain: 2007 Annual Report; UK Department for Transport September
2008; http://www.dft.gov.uk/pgr/statistics/datatablespublications/accidents/casualtiesgbar/
8
Road Casualties Great Britain: 2006 Annual Report; UK Department for Transport September
2007; http://www.dft.gov.uk/pgr/statistics/datatablespublications/accidents/casualtiesgbar/
9
http://www.maids-study.eu/pdf/MAIDS2.pdf
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•

Failed to judge other persons path or speed (implicated in 15% of all accidents).

Smart RRS primary sensing is about detecting a risk and providing timely information
to oncoming drivers in order to prevent an accident happening in the first place.
Unfortunately, by the time a driver has made an error or not reacted appropriately to a
situation, it is too late for an infrastructure-based system to provide useful information
to the driver involved. The primary sensing opportunities are therefore limited.
One possibility for sensing might be to address the “Failed to look properly”
contributory factor. It is conceivable that in certain scenarios, a sensing system could
be used to detect difficult-to-see hazards and provide appropriate warning to the driver.
The obvious example would be for a driver waiting at a junction who has failed to see a
vehicle approaching from the left or right.
A sensing system in this scenario has the advantages of addressing a fairly common
problem and of being particularly relevant to motorcycle safety. On the negative side,
the applicability of this particular sensing system would be restricted to T/Y or
staggered junctions that also included crash barrier infrastructure on the approaches to
the junction.
Another scenario might be the sensing of oncoming traffic from around a bend and
providing a warning to drivers approaching the bend from the opposite direction.
4.3 INJUDICIOUS ACTION

This is the joint second most common contributing-factor heading (covering 25% of all
accidents) which includes the following as the most significant sub-categories:
•
•
•

Travelling too fast for conditions (implicated in 10% of all accidents).
Exceeding speed limit (implicated in 6% of all accidents).
Following too close (implicated in 6% of all accidents, nationally but 17% of
accidents from the “MAC Area 11” data10. Note however that it is a rare
contributory factor where barrier hits have taken place).

Detection of these factors from the infrastructure should be possible and in fact the
speed triggered warning sign is already a fairly widespread technology – mainly making
use of low cost Doppler radar. However, it may be possible to identify these kinds of
contributory factors from sensing systems integrated into a crash barrier.
Perhaps a more significant question to ask is how the information should be used –
whether it is “instantaneously” fed back to drivers (as per current technology) or
displayed as generalized warnings (e.g. “Drivers are approaching this bend too quickly
– slow down!”). The answer to this question will also depend to some extent on where
the technology is located. For example, UK motorways already have good variable
messaging sign infrastructure, but local authority administered ‘A-roads’ have much
less.
4.4 BEHAVIOUR OR INEXPERIENCE

This is the joint second most common contributing factor heading (covering 25% of all
accidents) which includes the following as the most significant sub-category:
•

Careless, reckless or in a hurry (implicated in 17% of all accidents).

10

Note that the MAC Area 11 data is drawn mainly from incidents occurring on motorways and
‘A’ roads. This contributory factor is more common place on motorways than for the road
network as a whole.
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Sensing “Careless reckless or in a hurry” driver behaviour might be detectable in as far
as excessive speed is an indicator of such behaviour. Other sub-categories under this
heading (such as “Learner or inexperienced driver”) present few opportunities for
primary sensing based in the infrastructure.
4.5 ROAD ENVIRONMENT CONTRIBUTED

This heading covers 15% of all accidents which includes the following as the most
significant contributory factors:
•
•

Slippery road (due to weather) (implicated in 10% of all accidents).
Deposit on road (e.g. oil, mud, chippings) (implicated in 2% of all accidents).

Note that the sub-category “Rain, sleet, snow or fog” comes under the heading “Vision
affected by:” and is implicated in 2% of all accidents.
Note too that according to the MAIDS study, weather related problems were implicated
in 7.4% of powered two wheeler (PTW) accidents (9.7% in the case of motorcycles).
An estimate of road surface state (particularly the presence rain or ice) is one of the
candidate sensing parameters. Of the potential environmental accident risks, this is
the key one to focus on with perhaps visibility issues (particularly due to weather
conditions) coming second. “Deposits on road” would be more difficult to sense
because it covers a wide range of potential hazards.
4.6 “OBJECTS” IN ROAD

This is not one of the RCGB2007 categories. However, scattered through the statistics
are a number of contributory factors that could be considered as ‘“Objects” in road’.
•
•
•

•

Animal or object in carriageway is implicated in about 1% of accidents.
Cyclist entering road from pavement is also implicated in about 1% of accidents
although this may not be relevant to a barrier based system because a cyclist is
unlikely to be entering the road from the vicinity of a crash barrier.
Stationary or parked vehicle(s) is implicated in about 3% of all accidents. It is not
clear what proportion of these are parked vehicles in an urban environment where
there are no crash barriers. Nonetheless, vehicles stationary through having
broken down either on the hard shoulder or in the carriageway itself represent a risk
to traffic.
Pedestrians are implicated in 13% of all accidents. This may be a high number but
again it is not clear whether the larger proportion of these accidents take place in a
built up environment where crash barriers are less likely to be sited. One study11
on rural single carriageway roads states that compared with accidents in built up
areas, those on rural single carriageway roads were almost one sixth as likely to
involve a pedestrian. The highest likelihood of a pedestrian accident is where a
vehicle was carrying out faster manoeuvres. The “MAC Area 11” accident statistics
which cover only motorways and other major roads in the region are underrepresented with pedestrian accidents again suggesting that sensing pedestrians
from a barrier may not be particularly fruitful. Nonetheless, a pedestrian in an
inappropriate location in the road carriageway represents a risk to traffic.

11

Injury accidents on rural single-carriageway roads, 1994–95: an analysis of STATS19 data; J
Barker, S Farmer and D Nicholls; TRL Report 304
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•

Visual obstructions and PTW accidents.
The MAIDS report cites “visual
obstructions present and contributed to the accident” as being a factor in about
20% of accidents for both rider at fault (18.5% of rider-caused accidents) and driver
at fault (22.6% of other-vehicle caused accidents). Again it is not clear what
proportion of these accidents would have taken place in the vicinity of crash
barriers.

The MAIDS report breaks down the obstruction statistics as shown in Table 1. Sensing
opportunities might exist for stationary or parked vehicles or potentially to warn of
oncoming traffic. Blind curves where crash barriers are fitted might be one interesting
scenario.
Table 1: Stationary view obstructions identified in accidents cited in the MAIDS report

Stationary view obstruction / %

For the PTW rider

For the Other
Vehicle (OV) driver

None

81.9

78.0

Buildings

2.1

2.6

Signs

0.4

1.0

Vegetation, trees, walls

6.7

6.7

Hill

0.4

0.5

Blind curve

1.5

1.2

Stationary or parked vehicles

5.4

6.7

Barricades

0.3

0.5

Other

1.2

1.3

Unknown

0.1

1.5

100.0

100.0

Total

Sensing slow moving and particularly stationary objects represents one of the more
difficult sensing problems within this project. Of the concepts considered, sensing
using imaging systems would seem the most likely to provide a solution. On the other
hand, the statistics do not identify this as one of the larger risks in stretches of road
which contain crash barriers.
4.7 MOTORCYCLE COLLISION STATISTICS

Analysis12 provided by Smart RRS colleagues at Università degli Studi di Firenze
(UNIFI) identifies the following (Table 2) as the top 6 most frequent primary accident
contributing factors.

12

Breakdown summarized in Primary_accident_contributing_factor.xls provided by Marco
Pierini and David Grassi
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Total14

(All figures are percentages of total population
included in this analysis)

PTW in collision
with anything else

Primary accident contributing factor13

PTW in collision
with roadway, offroad environments,
fixed-object

Table 2: Primary accident contributing factors from the UNIFI data

Other vehicle driver failure

5.2

57.0

48.0

Motorcycle Rider failure

63.6

31.4

37.0

Traffic control problem - View obstruction - Roadside
environment factor

2.6

5.7

5.2

Another vehicle, not involved in the collision,
manoeuvre - OV post crash motions- OV avoiding a
different collision

4.5

1.6

2.1

Roadway design defect and maintenance defect

6.5

0.7

1.7

Adverse weather

4.5

0.1

0.9

The following can be noted:
•

Driver and rider failure are by far the greatest primary contributing factors. These
factors include perception, comprehension, decision and reaction failures. Of
these, perception failure accounts for about a third of all accidents and
comprehension failures about a tenth. In order for a Smart RRS system to
provide a useful input into these situations, it must enhance the rider’s (or
driver’s) perception and comprehension of specific risks that are happening on
the highway. Examples might include providing warnings of oncoming out-oflane traffic or warnings of oncoming traffic where vision is impaired by road
curvature.

•

“Traffic control problems” include temporary traffic obstruction, mobile or
stationary view obstructions and animal or pedestrian involvement. If any of
these were present in the roadway then there may be opportunity to mitigate
these by detecting it and communicating the problem to upstream traffic.

•

Adverse weather conditions might also be detected and communicated to
upstream traffic.

•

Speed is not identified as a primary contributory factor: however, further
analysis15 provided by UNIFI does show that speed differences with respect to

13

Partly because the source of these statistics is different to the UK accident statistics, it is
impossible to map these to the UK-derived contributory factors.
14
Note that because there were more instances of “PTW in collision with anything else” than for
the first column, the “Total” column tends to be weighted towards these figures.
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surrounding traffic do contribute to accident causation in 18.5% of motorcycle
collisions.

15

(previous page) Analysis summarized in surrounding_speed.xls provided by Marco Pierini
and David Grassi.

Page 18/55

WP 4

DEVELOPMENT OF SMART RRS PRIMARY SAFFETY SYSTEM
Project nº 218741
Co-financed by European Commission

4.8 SUMMARY

Table 3 acts as a summary for this section.
Table 3: Summary table - percentage of accidents assigned to each contributory factor

% Accidents

Contributory Factor
(Comments in italics)

Possible Sensed Parameter
(Comments in italics)

Failed to look properly
(MAIDS study identified perception
failure as a primary contributing
factor in 36.6% of cases)

35

Oncoming vehicles in specific tjunction scenario or oncoming
vehicles approaching a bend.

Loss of control

19

None envisaged
(Too late to act!)

Failed to judge other persons path or
speed

15

None envisaged
(Too late to act!)

Travelling too fast for conditions

10

Vehicle speed, weather or road
conditions

Exceeding speed limit

6

Vehicle speed

Following too close

6

Distance between vehicles

Careless, reckless or in a hurry

17

Vehicle speed

Slippery road

10

Ground icing (temperature,
atmospheric conditions)

Deposit on road

2

None envisaged
(Sensing this condition requires too
much information about the deposit
itself).

Rain, sleet, snow or fog

2

Temperature, atmospheric conditions

1

Camera-based stationary or slow
moving object detection

(UNIFI data cites adverse weather as
a primary contributing factor in 4.5%
of cases. A MAIDS report says this
is as high as 9.7% for motorcycles).
Animal or object in carriageway
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% Accidents

Contributory Factor
(Comments in italics)

Possible Sensed Parameter
(Comments in italics)

Cyclist entering road from pavement

1

None envisaged.
(Unlikely situation near a crash
barrier)

Stationary or parked vehicle

3

Camera-based stationary object
detection
(This is more likely on a motorway
hard shoulder than in other scenarios)

Pedestrians

13

Camera-based pedestrian detection?
(Pedestrians less likely near crash
barriers)

Visual obstructions
(MAIDS data)

20

Camera based detection.
(A wide range of scenarios would be
covered by this category but
stationary or parked vehicles would be
an important group to focus on).
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5.

PARAMETERS TO SENSE

5.1 ANALYSIS

This section draws together the previous sections by providing an analysis of the road
accident data and the scenarios in a single table. From this some conclusions are
drawn about the parameters that are to be sensed.
For each contributory factor, Table 4 identifies different sensed parameters and rates
each one according to the usefulness of the measurement (utility) and the degree of
difficulty of the measurement. The headings are as follows:
•

Contributory factor: Taken from the individual contributory factors identified in
Section 4.

•

Location: Each location is as discussed in Section 2.

•

Sensed Parameter: Identifies the most relevant parameters to sense relating to
the contributory factor and the location.

•

Message communicated: Proposes what might be communicated to the driver or
rider.

•

Comments: Short discussion of each proposal.

•

Utility: As defined in Table 5.

•

Difficulty: As defined in Table 5.

•

Overall score: Combination of Utility and Difficulty as defined in Table 5. Items
identified in red are ones that will not be considered further within the project.

Note that in the light of the positioning statement (Section 3) a number of possible
sensed parameters drop out of the analysis since they are not relevant to the “low-tech,
rural road” scenario.
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Sensed Parameter

Message
Communicated

Failed to look
properly

Any

Vehicles in proximity

Vehicles in proximity

Infrastructure not the best place
to sense this. Message latency
and complexity of
communicating separate risk to
each vehicle makes this unlikely.

Failed to look
properly

HA A road (joining
from T-junction)

Traffic to left or right

Traffic to left or right

OK if crash barriers are present.
Need to identify traffic correctly.
Low latency communication
required. Not relevant to “lowtech, rural road” scenario –
hence Overall score = “red”

Failed to look
properly

Rural Road, bend

Oncoming traffic

Oncoming traffic

OK if crash barriers are present
and clear sight lines into and out
of the bend. Need to identify
traffic correctly. Low latency
communication required.

Loss of control

Any

Overall
score

Location

Difficulty

Contributory
Factor

Utility

Table 4: Analysis of which parameters to sense

1

3

3.2

2

1

2.2

2

1

2.2

3

3

4.2

Comments

Too late to sense anything once
control lost!

Page. 22 / 55

WP 4

DEVELOPMENT OF SMART RRS PRIMARY SAFFETY SYSTEM

Failed to judge other Motorway or HA A
persons path or
road
speed.

Speed of vehicles in
proximity

Vehicle y approaching at
xx kmh-1

Infrastructure not the best place
to sense this. Message latency
and complexity of
communicating separate risk to
each vehicle makes this unlikely.

Failed to judge other Rural Road, bend
persons path or
speed.

Speed of oncoming
vehicle

Vehicle approaching at
xx kmh-1

OK if crash barriers are present
and clear sight lines into and out
of the bend.

Travelling too fast
for conditions

Motorway or HA A
road

Vehicle speed

You are travelling too
fast for condition x

Separating messages for
different vehicles very difficult.
Measuring speed across multiple
lanes from the crash barrier
would be difficult. Need to
identify relevant conditions
accurately.

Travelling too fast
for conditions

Motorway or HA A
road

Vehicle speed

Generalized warning:
"speeds are too high for
condition x" or "warning
wet road - 40 kph"

Generalized warning less useful.
Measuring speed across multiple
lanes from the crash barrier
would be difficult. Need to
identify relevant conditions
accurately. Not relevant to “lowtech, rural road” scenario –
hence Overall score = “red”

Overall
score

Message
Communicated

Location

Difficulty

Sensed Parameter

Contributory
Factor

Utility

Project nº 218741
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1

3

3.2

2

1

2.2

1

3

3.2

2

2

2.8

Comments
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Sensed Parameter

Travelling too fast
for conditions

Rural Road

Vehicle speed

You are travelling too
fast for condition x

Would need to be able to identify
relevant conditions - e.g. rain,
ice.

Exceeding speed
limit

Motorway or HA A
road

Vehicle speed

Vehicle specific message
"Exceeding speed limit"

Separating messages for
different vehicles or lanes would
be difficult.

Exceeding speed
limit

Motorway or HA A
road

Vehicle speed

Non-vehicle specific
message "Exceeding
speed limit" or "warning:
speed limit xx kph"

Measuring speed across multiple
lanes from the crash barrier
might be difficult. Usefulness of
generalized messages uncertain.
Not relevant to “low-tech, rural
road” scenario – hence Overall
score = “red”

Exceeding speed
limit

Rural Road

Vehicle speed

Exceeding speed limit

Plenty of systems already doing
this! Separating messages for
different vehicles would be
difficult but not as difficult as for
M-way situation.

Following too close

Motorway or HA A
road

Headway

You are travelling too
close to vehicle in front.

Separating messages for
different vehicles very difficult.
Measuring headway across
multiple lanes from the crash
barrier would be difficult.

Overall
score

Message
Communicated

Location

Difficulty

Contributory
Factor

Utility

Project nº 218741
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2

1

2.2

1

3

3.2

2

2

2.8

2

1

2.2

1

3

3.2

Comments
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Sensed Parameter

Following too close

Motorway or HA A
road

Headway

Generalized warning:
"Check your headway"

Generalized warning less useful
than a specific warning.
Measuring headway across
multiple lanes from the crash
barrier would be difficult. Not
relevant to “low-tech, rural road”
scenario – hence Overall score =
“red”

Following too close

Rural Road

Headway

You are travelling too
close to vehicle in front.

Communicating the message
only to the following vehicle
would be difficult. Further
consideration of headway
suggests that this is better
measured from vehicle’s frame
of reference hence “Overall
score = “red”.

Following too close

Rural Road

Headway

Generalized warning:
"Check your headway"

Generalized warning less useful
than a specific warning. Further
consideration of headway
suggests that this is better
measured from vehicle’s frame
of reference hence “Overall
score” = “red”.

Overall
score

Message
Communicated

Location

Difficulty

Contributory
Factor

Utility

Project nº 218741
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2

2

2.8

1

2

2.2

2

1

2.8

Comments
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Sensed Parameter

Careless, reckless
or in a hurry

Any

Measure dv/dt?

Slippery road

Any

Ice

Danger of ice

False positives may reduce
warning's effectiveness. False
negatives may give false sense
of security.

Slippery road

Any

Rain

Wet road surface

False positives may reduce
warning's effectiveness. False
negatives may give false sense
of security.

Deposit on road

Any

Animal or object in
carriageway

Any

Cyclist entering road HA A road or Rural
from pavement
Road

Identifying a metric for a vehicle
being driven recklessly might be
difficult. Also, it is not clear what
would be communicated to the
driver.

Obstruction in road.

2

3

3.6

1

2

2.2

1

2

2.2

1

3

3.2

2

2

2.8

3

2

3.6

Comments

Complex measurement of road
surface beyond scope of what
we can achieve.
Object detection

Overall
score

Message
Communicated

Location

Difficulty

Contributory
Factor

Utility

Project nº 218741
Co-financed by European Commission

Relatively low contributory factor.
Unlikely to be occurring in the
vicinity of a crash barrier.
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Sensed Parameter

Message
Communicated

Stationary or parked
vehicle

Motorway or HA A
road

Object detection

Stationary traffic

May be a stationary vehicle or
very slow moving traffic. More
difficult across multiple lanes.
Not relevant to “low-tech, rural
road” scenario – hence Overall
score = “red”

Stationary or parked
vehicle

Rural Road

Object detection

Stationary traffic

Information localized to crash
barrier site only.

Pedestrians

Any

Object detection

Pedestrian in
carriageway

Difficult to sense. Unlikely in the
vicinity of the crash barrier.

Visual obstructions /
View obstruction

Any

Object detection

Obstruction in road.

Need to define obstruction.

Other vehicle driver
perception or
comprehension
failure.

Any

Similar to "failed to look properly"
sensing traffic to right or left or
oncoming traffic. See above.

"Another vehicle"

Any

N/A - vehicle based DAS

Roadway design
defect

Any

N/A

Adverse weather

Any

Rain, mist, fog

Reduced visibility

Overall
score

Location

Difficulty

Contributory
Factor

Utility

Project nº 218741
Co-financed by European Commission

1

2

2.2

1

2

2.2

2

3

3.6

2

3

3.6

3

3

4.2

3

3

4.2

3

3

4.2

1

2

2.2

Comments

May need to be inferred from
simple measurements
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Table 5: Key to analysis

Difficulty
Utility
Useful
Some
use
Not
useful

Easy

Moderate

Hard

Overall

Note that in the light of the Positioning Statement (Section 3), where the location was Motorway or HA A road, the Overall score has been set to “red”
even where that is not consistent with Table 5por encima de.
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5.2 SUMMARY

The following scenario / sensing combinations were identified as “green” in Table 4 and
are the most likely candidates for further development. Each scenario makes the
assumption, of course, that there is a crash barrier appropriately sited from which to
sense the risk in question.
Table 6: Sense parameters - the “green” list

Scenario

Sensed parameter

1. Rural road, bend

Oncoming traffic

2. Rural road

Vehicle speed

3. Any road scenario

Ice

4. Any road scenario

Rain (wet road surface)

5. Any road scenario

Object detection (although object(s) to be
detected yet to be defined.

6. Any road scenario

Rain, mist, fog (reduced visibility)
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6.

TECHNOLOGY OPTIONS

A review of the state-of-the-art has already been carried out and is included in
Deliverable D2.216. This section identifies possible sensor options and adds additional
analysis of power scavenging techniques, a topic which has not previously been
covered.
6.1 SENSING TECHNIQUES

Currently-available vehicle- and speed-activated road signs or speed “traps” use either
microwave or laser radar sensors, or road-based induction loop or piezoelectric
sensors, to detect speeding vehicles, sometimes with some form of camera to take a
picture of the speeding vehicle. Cameras are also used to monitor traffic flow, to detect
vehicles entering “clean” zones of cities, to detect violations of restricted lanes, and so
on. Other types of “presence” sensor also exist which may also be of use for SmartRRS-type safety systems. Some such sensor (or sensors) will need to be used in the
proposed Smart RRS Primary Safety System to detect at least the presence (and
possibly the speed) of vehicles approaching the monitored zone of roadway. These
sensors will cover the top two scenarios identified previously in Table 6
Within the monitored zone (which, as proposed, will be a rural, low-technology road
environment), two types of sensing system are proposed to cover the remaining
scenarios in Table 6: (i) environmental (weather) sensing; (ii) obstruction (stationary
object in road) sensing. Options for these sensing systems are described in the
following sub-sections.
6.1.1 SENSORS FOR ON-COMING TRAFFIC AND VEHICLE SPEED DETECTION

For the on-coming vehicle detection end of the system, TRW manufactures two
sensors which – at least in principle – could be used for this purpose: a camera, and a
microwave radar sensor.
TRW Automotive Camera
This device is intended for in-vehicle applications such as lane departure warning,
where monitoring of the road environment ahead of the vehicle is required. The
specification of the camera (e.g. 23.5 ° field-of-v iew, 15 to 30 frames per second framerate) is designed for this purpose. In principle, this camera could be used to detect oncoming vehicles approaching the Smart RRS Primary Safety System monitored zone:
however, the cleverness of this (and any other) camera for this type of application
really resides in the algorithms used to process the image. For any sort of “automatic”
system operation (that is, something other than pictures being transmitted directly back
to a human operator at a control centre), processing of the image to detect the
presence (and other parameters such as position in road, movement, etc.) of vehicles
in the image will be required. Whilst such algorithms can certainly be (and have been)
developed, they are not readily available for this camera.

16

Smart RRS deliverable D.2.2 – Report on revision of state of the art on road restraint
systems, IDIADA.
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Figure 2 : TRW Automotive Camera

TRW Automotive Microwave Radar
TRW manufactures two different types of radar sensor: (i) a long-range radar sensor
operating at a frequency of 77 GHz; (ii) a short range 24 GHz sensor. A specification
for the 77 GHz device is shown in Table 7: the 24 GHz device has a shorter range (65
m) and a wider field of view.
Table 7 : Specification of TRW Automotive Long-range (77 GHz) Microwave Radar

The 24 GHz device is more suitable since it has lower power consumption (250 mA at
12 V).
Again, although these devices are intended for in-vehicle mounting, they can in
principle be used for Smart RRS-type Primary Safety System applications. The sensor
or sensors could be mounted in a road-side unit and used to detect on-coming
vehicles. In principle, the current ECU that is used in the in-vehicle system provides
the type of information required for the Smart RRS application, although it is not clear
whether this is really readily available from the unit in a form suitable for the Smart
RRS system operation.
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Figure 3 : TRW Radar Units 77 GHz (left) and 24 GHz (right)

Beyond these TRW sensor options, there are other manufacturers who potentially can
supply such sensors. For in-vehicle camera-based systems, a leading supplier is
Mobileye, who supply not only cameras but processing platforms for providing the
basis for the image processing requirements. There are also suppliers of the different
types of camera systems which today are pretty ubiquitous on the roads, such as
Gatso, Truvelo, Speed Check Services Limited (SPECS), etc. (see fuller list here:
http://www.speedcamerasuk.com/speed-camera-types.htm): but these are expensive
systems (typically thousands to tens of thousands of pounds) and require significant
roadside infrastructure resources.
Microwave radar devices seem a better option for vehicle detection in Smart RRS-type
applications since they give an indication of vehicle presence and speed without the
need for complex signal processing. There are any number of manufacturers and
suppliers of radar units and systems for speed monitoring of objects ranging from golf
balls to juggernauts17.18
Typically such units range in price from about £100 (for a device intended primarily for
sports applications – speeds of balls, etc. – although potentially more generally
applicable) to about a thousand pounds for “professional” units specifically intended for
traffic monitoring applications (for example, Speedar, Stalker, etc.) Such devices
generally have an LCD-type display to show the vehicle speed and other data: it is not
known how straightforward it is likely to be to extract data from such units for input into
the Smart RRS system.
Another option would be the variable-message road-signs which incorporate radar
units for monitoring vehicle speed. The picture below (Figure 4) shows such a sign,
supplied by the UK-based company Dambach, which includes a (non-integrated) radar
sensor on top of the sign, and wind and solar energy harvesting. Such systems
typically cost thousands of pounds, but parts of the system (for example the microwave
radar unit) could be available separately and used as part of a bespoke Smart RRS
system. The solar and / or wind energy harvesting capability would probably be
essential for the proposed rural-road-based Smart RRS system.
Finally, laser radar (lidar) devices are also available from a number of manufacturers.
These have similar performance to microwave radar devices, except that they can be
more affected by bad weather conditions (rain, fog, etc).

17

As road infrastructure examples, see http://www.wavetronix.com/products/smartsensor/125 or
http://www.agd-systems.com/en/index.asp.
18
As an example of a roadside energy harvesting system, see
http://www.ukmts.com/products/113/T25/ .
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Some further information on these sensor options can be found in the document “State
of the Art of the Primary and Tertiary Safety Systems for the Smart RRS Project”19.

Figure 4 : Variable Message Sign with Radar Speed Sensor and Energy Harvesting Technology
6.1.2 SENSORS FOR ENVIRONMENTAL (WEATHER) SENSING

These will be required to cover scenarios 3, 4 and 6 in Table 6.
For scenario 3 (ice detection), there are three main options: (i) a “remote” ice-detection
sensor; (ii) an on-road (or in-road) ice-detection sensor; (iii) prediction of road-icing
from other environmental sensors. For (i) and (ii), various sensor options exist (see
examples cited in State of the Art report20), but these are typically quite expensive
systems and not optimised for the sort of low-power operation envisaged for the Smart
RRS-type systems. Option (iii) may therefore be more appropriate if a suitable
algorithm for predicting road-icing can be developed.
For scenarios 4, a rain or moisture sensor is likely to be the simplest option to
implement. The type of sensing principal used in soil moisture sensors, based on
either capacitance or impedance measurements, may be adaptable for road wetness
sensing. Alternatively, a rain sensor is another option. Two of the main uses of rain
sensors are: (i) in automatic irrigation systems (to turn the systems off when it is raining
(or has recently rained); (ii) for automatic windscreen wiper activation in automotive
applications.
Rain sensors for irrigation systems are available in both wireless and hard-wired
versions, most employing hygroscopic discs which swell in the presence of rain and
shrink back down again as they dry out: an electrical switch is in turn depressed or
released by the hygroscopic disc as it expands or contracts to operate the sprinkler
system. Some irrigation rain sensors also contain a freeze sensor (typically just a
temperature sensor) to keep the irrigation system from operating in freezing
temperatures. These sensors typically can be set to turn off the sprinkler system for

19

P. Frere: “State of the Art of the Primary and Tertiary Safety Systems for the Smart-RRS
Project”; TRW Report No. 57536-16c1, June 2009.
20
Ibid.
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different levels of rainfall down to (usually) one-eighth of an inch: this is more rain than
is required simply to wet the surface of the road.
Automotive rain sensors are usually optical operating on the total-internal-reflectance
principle (light impinging on a transparent surface suffers total internal reflection except
when there is water present on the surface, in which case the light is transmitted
through). As noted in the State of the Art document21, these are designed very
specifically for the task of automatically operating windscreen wipers based on the
detection of rain on the windscreen. They are not optimized for a more general
precipitation sensing task such as might be used within Smart RRS (though they could
in principle work in such applications). An advantage of these sensors is that they can
detect very low levels of rainfall, which is very important given that partially wet and
greasy roads are often the most hazardous. TRW Automotive manufactures a rain
sensor based on this operating principle. Non-automotive rain sensors of this type
(such as those manufactured by Biral - http://www.biral.com/meteorologicalsensors/precipitation-sensors) are also available.
For scenario 6, a combination of a rain sensor and a fog sensor may be suitable. Fog
sensors for road use are available (see, for example:
http://www.opticalsensors.se/MiniOFS.html). These generally work using an optical
back-scatter technique. More sophisticated systems, such as the SWS-100 Visibility
and Present Weather sensors available from Biral are also available, but expensive (~
£2,500).
Another option for all of these “environmental-type” scenarios is for the Smart RRS
system to be based on bespoke weather-sensing module, made up of a number of
inexpensive sensors (humidity, temperature, pressure, sunlight), and appropriate
algorithms for predicting the local environmental conditions.
Individual sensor
elements are readily available for these parameters (a few examples - Sensiron SHT1x
Digital Humidity and Temperature Sensor; Infineon KP125 Barometric Pressure
Sensor; Freescale MPXM2202 Pressure Sensor). Alternatively, Cyprus offer an
Environmental Sensing development board (Cyprus CY3271-EXP1 Environmental
Sensing Kit). This kit incorporates a Weather Station Expansion Board including:
•

Thermistor

•

Ambient Light Sensor

•

Humidity Sensor

•

Atmospheric Pressure Sensor

The Weather Station Expansion Board sends the sensor data over an Inter-Integrated
Circuit (I2C) to a Cyprus RF Expansion Card which is contained in the CY3271 PSoC
FirstTouch Starter Kit. However, the system uses the Cyprus proprietary CyFi wireless
protocol (based on 802.15.4), which may not be easily compatible with the rest of the
Smart-RRS wireless system which is unlikely to use this protocol.
For the Smart RRS application, an environmental module comprising a temperature
sensor (thermistor), humidity sensor, barometric pressure sensor and ambient light
sensor, together with a rain sensor and an additional temperature sensor mounted at
ground level, may be sufficient to provide the basis for local environmental conditions
prediction (though this combination may struggle to identify the presence of fog: for this

21

P. Frere: “State of the Art of the Primary and Tertiary Safety Systems for the Smart-RRS
Project”; TRW Report No. 57536-16c1, June 2009.
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condition, a specific fog sensor may be required). Whilst all these sensors can readily
be sourced and a suitable module developed, its usefulness will depend (at least in
part) on the successful development of algorithms to predict the local conditions from
the sensor signals.
6.1.3 SENSORS FOR OBSTACLE DETECTION

It is assumed that, for this application, the “obstacle” is a large (vehicle-sized)
obstruction, rather than a much smaller object. It should be noted, however, that
smaller objects (even things like empty crisp packets) can pose a significant threat to
motorcyclists, and the development of means for detection of these smaller objects
might be desirable for future Smart-RRS systems.
The sensing techniques described in Section 6.1.1 (camera, microwave radar, laser
radar) may also be used for obstacle detection in the Smart RRS detection zone
(scenario 5 in Table 6). Time-of-flight radar systems may be better than FMCW-type
systems for this application where the detected objects will be stationary. Camera
systems will still need appropriate image processing to be implemented to extract the
required information about obstacles on the road.
Some other techniques are also available which may be useful for Smart RRS-type
systems. Ultrasonic detectors can be designed to receive range and Doppler speed
data, the same information used by radar detectors. Ultrasonic detectors transmit
sound waves, at a selected frequency between 20 and 250 kHz, into an area defined
by the transmitter's beam-width pattern. A portion of the energy is back-scattered or
reflected from a road surface or an object in the field of view.
Ultrasonic proximity sensors are inexpensive items, and are used on production
vehicles for close-range proximity measurements (for example, in parking aid
applications). However, such sensors perform quite poorly in terms of absolute
position measurement even over short ranges, being too much affected by
environmental parameters, and too prone to false alarm signals. Nevertheless, for the
Smart RRS Primary Safety System detection zone, they may be a good choice as a
road-side sensor for obstacle detection.
There are numerous other types of proximity sensor, based on capacitive, inductive,
magnetic, optical, and other techniques. These devices operate over various ranges,
and are more or less suitable depending on the type of object being detected (for
example, a capacitive or photoelectric proximity sensor might be suitable for a plastic
target; an inductive proximity sensor requires a metal target). These devices are
readily available.
6.2 POWER SCAVENGING TECHNIQUES

This project has always proposed that the primary (and tertiary) sensing system must
be autonomous regarding energy consumption. A simple micro-sensor equipped with
a battery might have enough life-time for this system. However, the communication
networks and any significant signal processing will definitely need an external power
source.
Therefore, if energy is not taken from the electricity network then it must come from
the environment. This fact is particularly relevant considering that in most locations,
the barrier will be far from cities and villages.
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6.2.1 SOLAR ENERGY HARVESTING

Photovoltaic power generation continues to be a hot research topic. Broadly speaking,
the research splits into (i) the pursuit of ultimate conversion efficiencies and (ii) the
pursuit of the lowest price per kilowatt-hour. The former finds application in high value
systems such as providing power for satellites; the latter in low cost, earth-bound
power generation and it is these that are of most relevance to this system.
Low price per kilowatt-hour implies low manufacturing cost while maintaining
reasonable power conversion efficiency. Typically this is done by printing thin-film (e.g.
Cadmium Telluride) materials on to low cost substrates. Efficiency may be as high as
15% for these materials.
Good models exist for solar irradiation for various parts of Europe22. For a horizontal
surface in Essex, for example, averaged over the year the irradiation is approximately
2700 Wh m-2 day-1. Assuming 15% cell efficiency and a 100 cm2 area the power
available (averaged over the whole year) is 170 mW.
This value is approximately 50% higher for Zaragoza!
6.2.2 WIND ENERGY HARVESTING

Wind energy harvesting systems are encountered in the road environment23. In the UK
these are sometimes combined with solar systems to provide security of energy supply
during all weather conditions.
The power, P, available from a moving wind mass is given by:

P = 12 ρAv 3
where ρ is the density of air, A is the cross section and v the velocity of air. A wind
turbine can only convert a certain proportion, C, of the available kinetic energy in the
moving air, 20% being readily achievable for a small (say 50 cm diameter) swept area.
As a crude calculation, for the following values:

ρ = 1.225 kg m-3,
A = 100 cm2 (assuming a similar area to the solar calculation above)
v = 5 ms-1 (a typical average wind speed in the UK) and
C = 20%,
then the power available would be 150 mW. This is of a similar order to a photovoltaic
array.
6.2.3 COMBINED WIND AND SOLAR

One solution occasionally used with roadside infrastructure in the UK is to combine
wind and solar power generation to provide for capacity all year round (see Figure 5,
below).

22

http://re.jrc.ec.europa.eu/pvgis/apps/radmonth.php?lang=en&map=europe is an excellent
source of data. It is worth noting that the average irradiance figure for December is less than a
fifth of the annual average figure.
23
See for example http://www.marlec.co.uk/
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Figure 5: Remote power unit
6.2.4 VIBRATIONAL ENERGY HARVESTING

A number of vibration energy harvesting products24 are already on the market. These
tend to be aimed at harvesting energy off machinery and are tuned to work optimally at
a specific frequency. These generate a maximum of 50 – 100 mW of power but only at
high accelerations (~1 g) and at their optimum frequency. Roadside (~50 cm from road
edge) g-levels are likely to be two orders of magnitude lower than this for the passage
of heavy vehicles25. Thus a given a single energy scavenging device would only be
able to harvest 0.5 – 1 mW of power. Furthermore, this power level is only available
during the transit of the vehicle.
An Israeli company, Innowattech26 has developed an energy harvesting system
designed to extract significant amounts of energy from the highway itself. They claim
“250 kWh per hour from a 1 km stretch of a highway (one way, one lane), assuming
600-800 trucks/buses per hour”. An array of these devices needs to be fitted
underneath the road surface so would require significant civil engineering effort to
install. The Innowattech web site does not specify the spacing of the sensors under
the road surface.
6.2.5 THERMAL ENERGY HARVESTING

Thermoelectric generators have long been available and capable of providing
significant amounts of electrical power. A simple 30 × 30 mm device might be capable
of producing of the order of 100 mW from a 20 K thermal difference across its faces27.

24

For example, http://www.perpetuum.com/
Based on some calculations from data provided by:
http://www.transit.govt.nz/content_files/projects/pdf-southern-motorway/technicalappendicies/vibration-report.pdf
26
http://www.innowattech.co.il/
27
See for example: http://www.marlow.com/power-generators/tg12-4-01l.html
25
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The difficulty in the context of the roadside crash barrier environment is generating
sufficient thermal gradients across the devices.
6.2.6 HYDROELECTRIC

Hydroelectric generation might provide an abundant source of power. However, this
would be very location dependent and difficult to integrate with the Smart RRS system.
6.2.7 SUMMARY

The low power availability from vibration energy harvesting and the difficulty of
generating thermal gradients for thermal energy harvesting point to solar and wind
energy as the most likely solutions for this project. Solar and wind sources are
reviewed in Table 8, debajo de.
Table 8: Energy scavenging summary
SOURCE

PRICE

ENERGY
PRODUCTION

RELIABILITY
AND
MAINTENANCE

COMMENTS

Solar

Low

~170 mW for a
2
100 cm area
horizontally
arranged (UK)

High reliability.
Low
maintenance.

Energy production highly
dependent on the location and
corresponding solar irradiation,
time of the day and year station.
Needs energy storage and
regulation station.

Wind

Low to
medium

150 mW for
2
100 cm frontal
area (UK)

High reliability.
Medium
maintenance.

Energy production dependent on
wind intensity. Needs energy
storage and regulation station.

From the analysis of the table, solar panels appear to be the most suitable solution for
the project as long as the system’s power consumption can be managed through the
peaks and troughs in generation, and that it can be designed to be below the levels
suggested above.
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7.

DRIVER COMMUNICATION CHANNELS

This section aims to identify the potential information output channels for Smart RRS
messages as well as to highlight the characteristics and issues surrounding each
channel.
It is broken down into the two following sub-sections:
1. Information Output Channels
2. Information & Warning Messages
7.1 INFORMATION OUTPUT CHANNELS

The main output channels considered are:
•

Variable Message Signs (VMS)

•

Vehicle Activated Signs (VAS)

•

Smart Phones

•

In-Vehicle Technology & Satellite Navigation

7.1.1 VARIABLE MESSAGE SIGNS

VMS are a type of roadside display with the primary purpose of communicating
information and advice to road users relating to:
•

Emergencies

•

Incidents (Accidents & Lane Closures)

•

Network Management (Road Works & Major Events)

The display of this information will alert drivers to the current developments on the
network hence improve safety and minimise the impact of congestion.
VMS, together with signals, provide the capability to display a wide range of warnings,
messages and other traffic information.
CAUTION

!

Figure 6: Front view of VMS

Messages can be generated automatically via a direct link with the sensor, similar to
automatic queue detection loops or conversely via a control centre whereby an
operator will set a message or a plan (a group of messages) to inform road users of
traffic conditions.
The number of VMS available for use will depend on the road type, location on the
network and the policy of governing authority, which will impact on the suitability of
implementing a Smart RRS.
All new messages (such as those detected and fed back through the Smart RRS)
should aim to follow the principle based on the Problem – Location – Effect – Guidance
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(PLEG) structure with the aim of being concise, clear and unambiguous to the
motorists. This indicates that all messages should contain the following;
•

Problem – message must contain the nature of the problem and the route
affected;

•

Location – message must contain the location of the problem;

•

Effect – delay information should be included if known; and / or

•

Guidance – in the presence of a hazard, safety advice could be given.

All new messages should adhere to local and/or national traffic signs policy which may
stipulate the number of permitted units of information per sign or the character height
allowed in relation to the road speed limit. In practice existing authorized messages
(text or picture messages) should be promoted for use in conjunction with a Smart RRS
system.
When using an existing VMS for a Smart RRS, consideration should be given to the
local message priorities which will determine under what circumstances the message
may be shown. This prioritization will ensure the message deemed to be the most
safety critical will always be displayed.
Benefits

Challenges

• Capable of displaying wide
range of messages

• Physical availability of VMS on
network

• Messages can be generated
automatically from the sensor

• Messages not displayed due to
lower position in priority list

• Tried and tested technology
with a number of vendors to
procure from.

• Time delay from control centre
operator

Cost Rating

High

7.1.2 VEHICLE ACTIVATED SIGNS (VAS)

VAS are a fairly common sight on rural road networks and are considered an effective
communication method to inform motorists - perhaps as a consequence of their
perceived ‘intelligence’.
Once a hazard is detected (such as vehicle speed) VAS can display a suitable
message to advise the road user (such as vehicle travelling speed or vehicle
registration number). VAS are likely to be triggered by every approaching vehicle,
though targeting specific vehicles is possible as well.
VAS tend to be significantly smaller in size and cost less than VMS. They can utilise
renewable energy sources in combination with a battery pack and therefore could be
deemed potentially appropriate for a Smart RRS. It is envisaged that four levels of
warning would be appropriate. These are;
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i.

Specific warning displayed on a hard sign with flashing light(s)

Figure 7: Single and twin arrangement for specific hazard

These signs are appropriate for a specific hazard that occurs on a regular basis in a
given location and these are already frequently seen in the urban environment, for
example warnings of low bridges.
A single light arrangement, though not as effective at drawing the driver’s attention as a
twin light alternative, requires lower power consumption and hence could be more
desirable in a rural environment.
ii.

General warning with hard sign and flashing light(s)

Figure 8: Single and twin arrangement for general hazard

These are appropriate when
•

the warning is for a generally dangerous section of road (incident hotspot) and,

•

the hazard is not specific to any single factor (such as debris, a specific weather
type).

In this case, just the presence of the approaching vehicle will trigger the warning as a
precautionary measure.
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iii.

Specific warning with electronic message sign

Figure 9: Electronic message sign displaying specific warning

This is a similar arrangement to point (i) but utilizing an electronic sign. The sign will
either be in an on or an off state and only capable of displaying one message.
Conversely the sign could display one of a number of locally stored messages, for
example “Obstruction Ahead - Caution” or “Debris in Road - Slow”.
The VAS would need to have local capability of data storage and processing power to
select the most appropriate message using prescribed priority criteria.
iv. General warning with electronic message sign

Figure 10: Electronic message sign displaying general warning

Similar to (iii) above, the sign will be in either an on or off state or could display one of a
number of locally stored messages. Given the ‘general’ nature of this approach, an
on/off type might be the most appropriate. However the configuration to best tackle a
local problem may require one picture message with text or two or more text messages
(such as bilingual or complimentary messages).
Benefits

Challenges

• Straightforward to construct
and operate

• Less appropriate for a detailed
level of information

• Cost to implement and
maintain is lower than VMS

• Susceptible to vandalism/theft

• No need to interact with control
centres

• Uncertainty as to whether the
message is mandatory or advisory

Cost Rating

Medium

• Flexibility of deployment
locations
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7.1.3 SMART PHONES

Figure 11: PDA capable of displaying traffic information

There is potential for real-time traffic information to be provided direct from the roadside
infrastructure to mobile phone devices.
This could provide road users with traffic information direct via SMS alerts or bespoke
applications. Although, this is not likely be considered as a Smart RRS application at
present.
There are currently systems available on the market to allow motorcyclists to access
visual and audio information whilst driving. Audio messages can be passed along to
the driver’s helmet via a Bluetooth connection from a mobile phone.
Global Positioning System (GPS) information can be displayed via graphical outputs on
dashboards of motorcycles.
Pros

Cons

• No additional roadside
infrastructure required

• Time delay in dissemination of
information

• Continuous stream of
information available

• Potential information overload
affecting driver safety

• Straightforward and
inexpensive to add software to
driver’s existing mobile device

• Conflict with legislations promoting
the non-use of mobile devices
whilst driving

Cost Rating

Low

• Not ubiquitous enough to be the
sole solution
7.1.4 IN-VEHICLE TECHNOLOGY AND SATELLITE NAVIGATION

The concept of disseminating information directly from the road network to in-vehicle
technology is currently being progressed. This could provide data on current road
conditions and other traffic information to warn drivers of oncoming hazards via an indash screen or Head-Up Display (HUD) system.
However, this concept is very much in the early stages of development, and this will not
be immediately considered for Smart RRS, but there may be scope for future
developments.
With the emergence of in-vehicle satellite navigation systems in recent years, there is
potential for linking road condition information between roadside infrastructure and
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satellite navigation devices. This will provide road users with up-to-date information
directly to their vehicle without incurring additional costs for building roadside
infrastructure.
In order for this solution to be effective, every vehicle would be required to have
sufficient technology onboard to be able to utilise the system. This would have certain
commercial implications in regards to the standardisation across different car
manufacturers.
It is envisaged these systems will take feeds from national traffic information providers
with the Smart RRS sensors outputting into larger (possibly third party) traffic
information systems.
Pros

Cons

• No additional roadside
infrastructure required

• Time delay in dissemination of
information

• Continuous stream of
information available

• Potential information overload
affecting driver safety

• Once implemented, the system
is fully integrated with the
vehicle

• Additional hardware is required for
each vehicle in order to utilise the
system

Cost Rating

Low/Medium

• Commercially may be difficult to
gain agreement and standardise
the approach across the auto
industry
7.2 INFORMATION AND WARNING MESSAGES

The different types of information that are likely to be displayed relate to the following
hazards:
•

Speed

•

Road Surface Condition

•

Weather (particularly visibility)

•

Obstructions in Carriageway

•

Oncoming Traffic

These five categories provide a balance between generic, quick and easy messages
and the specific hazards, of which hundreds exist. Figure 12, debajo de, represents
this balance by using a number of hazard examples.
These road hazard categories tie in with data given in Section 4.
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From:
Inner Circle “generic
hazard”;
To:
Outer Circle “specific
hazard”

Figure 12: Message categories

A recommendation matrix is shown below highlighting the potential output channels for
these five key message types.
Speed

Road Surface Weather
Condition

Obstruction

Oncoming traffic

POOR
VISIBILITY

OBSTRUCTION
AHEAD

ONCOMING VEHICLE
APPROACHING

CAUTION

CAUTION

CAUTION

VMS
SLOW DOWN

SKID RISK
CAUTION

VAS

As VMS with
Speed Read
Out

As VMS
In-Car
Technology (Audio or Text)

Mobile
Devices

SMS Read Out

As VMS

As VMS

As VMS

As VMS

As VMS

As VMS

As VMS

As VMS

(Audio or Text)

(Audio or Text)

(Audio or Text)

(Audio or Text)

SMS Read Out

SMS Read Out

SMS Read Out

SMS Read Out
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Note that, it may be possible to do a virtual validation of the display’s performance
using a driving simulator. The simulator shown in Figure 13 (debajo de) is located at
the University of Zaragoza facilities.

Figure 13: Road simulator facilities at the University of Zaragoza
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8.

FUNCTIONAL REQUIREMENTS

This section lists some top level functional requirements for the system. The
requirements selected are based on the analysis of preceding sections. As noted in
Section 1.1, these requirements are mainly focussed on the safety system which will be
demonstrated towards the end of the project. However, they will also be informed,
where possible, by the requirements of a future commercial system.
8.1 TOP-LEVEL GOAL

Smart RRS will contribute to providing timely and useful information to road users that
will assist in preventing road incidents.
8.2 INSTALLATION FUNCTIONAL REQUIREMENTS

FR.1. During installation, it shall be possible to register the location of each data
source (e.g. sensing node) and to store that location at each data source.
8.3 OPERATIONAL FUNCTIONAL REQUIREMENTS

FR.2. The system shall detect or infer some or all of the following parameters (derived
from Table 6.):
a. Oncoming traffic – for the situation of a single carriageway road where
the road restraint system is positioned along a bend and oncoming
traffic might be obscured.
b. Vehicle speed.
c. Slippery road surface (rain, ice)
d. Object detection28.
e. Rain, mist, fog (reduced visibility).
Note that it may be that not all of these will be possible within the scope of the
demonstration.
Consideration needs to be given as the project progresses to the issues of both
false and missed detections which might undermine the credibility of any
practical system.
FR.3. The system shall demonstrate how it might communicate to drivers approaching
the road section on which the system is installed. It shall communicate
appropriate messages relating to each of the sensed parameters listed above29.
Note that this aspect of the demonstration may only be a simulated
representation of messages away from the roadside – for example displaying
simulated roadside messages on a remote laptop monitor.
FR.4. The system shall be capable of demonstrating how it might communicate to an
approaching driver in a timely manner.
FR.5. The system shall communicate to a control centre. It shall communicate the at
least the same messages as are communicated to the driver. Note that this

28

The size and range of object to be detected will be considered in more detail in later
documents.
29
Proposals for these messages are contained in section 7.2.
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data is for system logging purposes and not for display to control centre
operators.
FR.6. The system shall communicate to the control centre the time at which each
message or measurement or detection was made and the location of the source
of each one. Note that this data is for system logging purposes and not for
display to control centre operators.
FR.7. The system shall also communicate to the traffic control centre more detailed
messages as shall be necessary for monitoring the performance of the system
itself. Note that this data is for system logging purposes and not for display to
control centre operators.
FR.8. The traffic control centre shall have means to display and store the data
received from the system.
It may be possible for the traffic control centre to request additional information from
the system, for example (if appropriate to a future implementation) still images from a
camera.
8.4 SERVICE FUNCTIONAL REQUIREMENTS

FR.9. The system shall be able to provide simple diagnostic information from each
element within the system.
8.5 SPECIFICALLY EXCLUDED FUNCTIONALITY

•

The system will not generate messages for specific vehicles in a multi-lane
highway situation.

•

The system will not provide means for or be dependent upon specific vehicle
identification (e.g. Automatic Number Plate Recognition).

•

The system will not provide the location of, or be dependent on knowing, the
location of specific vehicles within any given section of road apart from the
possibility of knowing when a vehicle is entering or leaving a Smart RRSinstrumented section of road.

•

The system will not generate messages for wireless transmission to specific
vehicles.
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9.

OTHER REQUIREMENTS

9.1 SIZE AND LOCATION REQUIREMENTS
9.1.1 DISCUSSION

All that concerns the primary (and tertiary) sensing components must be installed on or
around the physical barrier. The auxiliary related equipment, such as the energy
scavenging devices, post-processing unit, communication system, etc. can, if
necessary, be installed at a different place.
At the present stage of the project, the final Smart RRS barrier is not yet totally defined.
In any case, the barrier will consist of two steel rails, the top one designed to bear car
impacts and the bottom one, for motorcyclist impacts. Both will be supported by steel
mounting posts. Between the posts and the rails, some intermediary elements are
installed. There are mainly energy absorbers. The design of the absorbers is still under
process, being one of the most complex tasks of the project. The material of the
absorbers is not yet determined.
The global design of the barrier will have an architecture similar to the one shown in
Figure 14:

Figure 14: Barrier architecture

Figure 15 shows details of a typical mounting post. Mounting posts have an optimized
profile, mainly avoiding cutting edges. This one is of an open box cross-section.
Others may have closed, Z- or Σ-shaped cross sections. They are a privileged place
for the location of sensors as the post support the rails, receiving most of the energy
transmitted to the barrier in case of a car crash. The behaviour of the posts in case of
a vehicle collision gives relevant information about vehicle mass, vehicle speed and
impact direction.
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On the road, the posts are uniformly spaced at a distance of typically 2 m.30 They are
installed vertically, buried in the ground a length of 1000 to 1500 mm approximately.
Post main dimensions are detailed in the Figure 15.

Figure 15: Mounting posts

The starting (and ending) of the barrier progressively reaches its nominal height, which
is kept all along its length.

Figure 16: Barrier starting and nominal height

Sensor size must be appropriate to their integration in the physical environment defined
by the barrier. They will be installed in a way that they are protected from direct
impacts in case of vehicle collision against the barrier.
9.1.2 REQUIREMENT STATEMENTS

OR.1. At least the sensing part of the Smart RRS system shall be capable of being
mounted on the crash barrier.
OR.2. The mounting of any part of the Smart RRS system on the barrier shall not
present an additional hazard to a PTW or other vulnerable road user in collision
with the barrier.

30

The spacing might vary from 0.5 m to 5 m depending on the working width of the barrier and
its crash rating. The working width is related to the distance of intrusion of any part of the
system into the off-road area during a rated crash event: the lower the working width, the
smaller the post spacing required.
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OR.3. The mounting of any part of the Smart RRS system on the barrier shall not
interfere with the containment or energy absorption functions of the barrier.
9.2 RESOURCE REQUIREMENTS

OR.4. The system shall make minimal demands on the wired infrastructure for power.
OR.5. The system shall make minimal demands on the wired infrastructure for
communications with road users and traffic control centres.
The requirement OR.4 implies that energy scavenging techniques will be required for
the system. The analysis of section 6.2 would suggest that solar electric generation
would be the most appropriate. Furthermore, if the energy generation area were
commensurate with the size of a sensing module, of the order of 100 mW31 of power
might be available for each one.
Requirement OR.5 implies a wireless communications system. The communication
system has two main functions:
•

Locally, it will interconnect with and collect data from the primary (and tertiary)
sensors (weather and road state sensors, accident sensors). Data from all
sensors may have to be post-processed, in order to determine if the weather
conditions or the road state reach a potentially dangerous level, or to discriminate
the maximum possible information about the nature of an accident. Given the
high number of sensors installed, this task needs to be carried out locally.
SUITABLE TECHNOLOGY: WLAN or WPAN networks. Low power is needed.

•

In a second step, if the sensor data post-processing determines that some
parameters are out of normal values, the collected data will be transmitted to the
operation control station, in principle placed at medium to long distance.
SUITABLE TECHNOLOGY: GPRS or 3G connection. Medium power is needed.

9.3 ENVIRONMENTAL REQUIREMENTS

OR.6. All external (outdoors) elements of the system shall meet a rating of at least
IP54.
OR.7. All external elements of the system shall be able to withstand an ambient
temperature range commensurate with homologation requirements for roadside
infrastructure.
OR.8. The system shall comply with EMC standards called for by the homologation
requirements for roadside infrastructure.

31

A more accurate figure is estimated in 6.2.1. It is based on UK sunlight figures both day and
night averaged over a complete year. It is worth noting that the average figure for December is
less than a fifth of the annual average.

Page 51/55

WP 4

DEVELOPMENT OF SMART RRS PRIMARY SAFFETY SYSTEM
Project nº 218741
Co-financed by European Commission

10. ECONOMIC REQUIREMENTS
The UK Highways Agency published on their website a Whole Life Cost-Benefit
Analysis of Median Safety Fences32. The study, carried out by TRL Limited, was based
on the M25 motorway around London. Annex K to the report provides some indicative
installation costs for different types of barrier based on 1 km sections of median safety
fence. Table 9 lists these costs. Perhaps the most representative crash barrier type
from Table 9 might be the two rows of single-sided TCB with 3.2 m post spacing. The
installation cost of a kilometre of barrier would be approximately £52 000. While the
cost targets for a Smart RRS primary safety system is not clear at present, it would be
safe to assume that it could only form a small proportion of the installation cost per
kilometre of the safety fence itself.
Table 9: Installation costs of different median safety fence (note that whole life costing gives
significantly different relative costs!)

Crash barrier type

Cost per m (£)

Wire rope safety fence (4 ropes at 2.4 m post spacing)

28.28

Double sided tensioned corrugated beam (at 3.2 m post spacing)

33.13

Double sided open box beam (at 2.4 m post spacing)

48.87

Two rows single sided tensioned corrugated beam (TCB) (at 3.2 m
post spacing)

51.74

Two rows single sided open box beam (at 2.4 m post spacing)

86.74

Two rows double rail open box beam (at 2.4 m post spacing)

109.11

Vertical concrete barrier

152.00

Higher vertical concrete barrier

357.00

Dutch step (concrete) barrier

157.00

Other considerations when trying to assess the cost targets for additions to the road
infrastructure are the costs of lives saved when road accidents occur. Current
assessments of the cost of a road death is somewhere in excess of £1m.
Another viewpoint would be to consider the cost of competing systems aimed at
improving the safety of sections of road. These might include very simple things such
as high adhesion road surfaces for critical sections of road, speed limits and existing
speed enforcement systems.
A useful output of the project would be a better understanding of the costs and the cost
targets for this type of system.

32

See http://www.highways.gov.uk/business/14008.aspx
G L Williams; Whole Life Cost-Benefit Analysis for Median Safety Barriers; TRL Limited
Published Project Report PPR 279, August 2007.
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11. DEMONSTRATION SETUP
Barriers developed in the Smart RRS project provide critical safety information that
needs to be communicated to drivers.
This fact implies a new technological challenge, as the type and volume of information
to be communicated is different to current uses:
•

CRITICAL SUDDEN EVENTS: In case the system detects an accident or a
hazard, this information will only be useful if there is an effective transmission
to upstream drivers.

•

IMPORTANT ENVIRONMENTAL CONDITIONS: Drivers have to be informed
about environmental conditions that may affect their safety.

Thus, the Smart RRS project will investigate the feasibility of enhancing existing
displays in order to adapt to the new requirements.
Clearly, the development of a new display is out of the reach of the project. However, it
is possible to investigate all the critical aspects (size and colour of letters, time of
permanence of messages, combination of written messages and signs, etc.) using LCD
large screens. To emulate an in-car dedicated display, a notebook screen can be used
(see Figure 17).
G3 LINK

LOCAL SENSOR
PROCESSING NODE

CARCAR - EMBARKED PC
EMULATING
D ED ICATED D ISPLAY
ON CAR D ASHBOARD

RF
L INK

WLAN
L INK

S CREEN E MULATING
D ISPLAY ON
ME SSAGING GANTRY

Figure 17: Arrangement for demonstration of system
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12. CONCLUSIONS
This section summarizes the main points to be taken forward into the remainder of the
project.
•

Consideration of the application scenarios for this system has led to the
conclusion that the system should focus on rural, low technology roads.

•

Consideration of accident data in conjunction with the potential road scenarios
has identified the following as the most useful parameters to sense:
o

Oncoming traffic

o

Vehicle speed

o

Ice

o

Rain (wet road surface)

o

Object detection (although object(s) to be detected yet to be defined.

o

Rain, mist, fog (reduced visibility)

•

Consideration will be given to these as the project goes forward, although
issues of feasibility identified later in the project might not allow all to be
implemented.

•

At this stage, TRW’s low cost camera and radar technologies are seen as good
candidates for traffic, speed and object detection sensors. A number of low
cost, readily available sensors have been identified for environmental
monitoring and a number of alternative techniques for environmental monitoring
have been identified.

•

Solar and wind energy harvesting have been identified as the best candidates
for power sources that do not require connection to the “wired infrastructure”.

•

Means of communication with the driver have been reviewed. These include
sophisticated vehicle messaging systems as well as vehicle activated signs, the
latter being more appropriate to the Smart RRS requirements. In the future,
smartphones and in-vehicle telematics hardware may have something to offer a
Smart RRS Primary Safety System.

•

A number of messages have been proposed corresponding to the potential
sensed parameters.

•

From the preceding discussion, a set of requirements for the project have been
developed. The most important of these requirements are: to sense the
parameters listed above, to demonstrate how the system might communicate
with the driver, to log and communicate data from the sensing nodes to a
remote control centre (including a certain amount of diagnostic data). It was
required that the system be capable of being integrated into a crash barrier
without causing harm or degrading the performance of the barrier. It was also
required that the system make minimal demands for additional infrastructure for
both power and communications.

•

A section on environmental requirements has briefly considered the need to
withstand the demands imposed by the weather and EMC standards.

•

Economic requirements have been considered with a comparison to the cost of
standard barrier installation. A useful output of the project would be a better
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understanding of the costs and cost targets for a Smart RRS Primary Safety
System.
•

Initial consideration of the demonstration system format has been made.
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