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Abstract

Introduction: The current safety situation for Powered Two Wheelers (PTW) within the EU is alarming. According to
EU statistics, PTW riders account for 17% of all fatal road injuries in the region and twice as many fatalities per
hundred thousand registered vehicles compared with occupants of cars. In recent years, too little attention has
been given to Vulnerable Road Users (VRUs), including PTW users, in the development of Intelligent Transport
Systems (ITS). Therefore, ITS should be developed that consider PTW riders an integral part of traffic; we focus on
three systems that we believe have the potential to improve safety among PTW riders, namely Intersection Safety
(INS), the Powered Two Wheeler oncoming vehicle information system (PTW2V), and the Vulnerable road user
Beacon System (VBS). The present study aims to estimate quantitatively the safety impacts of the selected ITS for
PTW riders in the EU-28, once the systems are fully adopted and meet selected future scenarios for 2020 and 2030.

Method: An ex-ante method suggested by Kulmala (Accident Analysis and Prevention 42:1359–1369, 2010) was
further developed and applied to assess the safety impacts of ITS specifically designed for VRUs. As suggested by
the method, the analysis started by determining the impact mechanisms through which the selected ITS systems
affect the safety of PTW riders.

Results: According to the main results, all the systems we studied have a positive impact on PTW rider safety by
preventing fatalities and injuries. The greatest effects, based on 2012 accident data and full penetration, could be
attained by implementing PTW2V (283 fewer yearly fatalities) and INS (261 fewer yearly fatalities). The weakest effect
was found with VBS (216 fewer yearly fatalities). Forecasts for 2030, also based on estimated accident trends and
penetration rates, confirm an expected edge for INS and PTW2V in terms of safety.
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1 Introduction
The current safety situation for PTW riders within the
EU is alarming. According to EU statistics [1], PTW
riders account for 17% of all fatal road injuries in the re-
gion. Eleven PTW drivers or passengers are killed per
100,000 registered PTWs, compared with only five per
same amount of registered cars [2]. The share of PTW
rider fatalities among all road deaths varies widely
among Member States, from 4% in Romania to 37% in
Greece [1]. A factor contributing to this skewness is that
in many areas PTW mobility is much higher than
passenger vehicle mobility, especially in countries like
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Greece, Italy and France with congested traffic condi-
tions. Even in Sweden, 98% of commuters regularly
choosing to ride a motorcycle to and from work in good
weather stated that one reason for commuting by PTW
is to save time [3].
In order to highlight the safety hazards of Powered

Two Wheelers (PTWs), the Driving Reliability and Error
Analysis Method (DREAM) was used to classify the
factors contributing to PTW crashes investigated in
Finland, France and the United Kingdom as part of the
EU project 2-be-safe. Below, only the results concerning
motorcycles are described. Fatal rider injuries outside
urban areas in three accident configurations (scenarios)
were explored: single motorcycle crashes, crashes
between motorcycles and passenger cars outside and at
intersections. Concerning single motorcycle crashes, the
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most common human factors contributing to crashes
are misjudgement of the situation due to inattention,
late observation and insufficient skills. Factors related to
the traffic environment include inadequate design and
poor road maintenance and/or sight obstruction. In
crashes between riders and passenger cars, the main fac-
tor concerning riders is misjudgement of the situation,
mainly through expecting a certain behaviour from
someone else, and outside intersections also priority
errors and inadequate road design and sight obstruction.
The main contributing factor for drivers is misjudge-
ment of situations through expecting a certain behav-
iour, and inattention [4].
An analysis of Swedish in-depth crash data on fatal

motorcycle rider injuries in 2005–2010 revealed even
more serious shortcomings than did the 2-be-safe
project: 25% of riders had no licence, 36% were speeding
significantly, 26% were intoxicated by alcohol or drugs,
and 7% wore no helmet [5]. Existing laws and regula-
tions should enhance and ensure communication
between road users, but in this case it seems not to be
working. Apart from surveillance, riding with safety mar-
gins implies a concept that could be helpful also in more
severe circumstances. One such concept could be to
make motorcyclists and cars “visible” to each other, for
example through warning lights, signs or messages
within the infrastructure, in-vehicle alarms to warn of
conflicting road users, or if necessary even the applica-
tion of emergency braking.
Beanland et al. [6] assessed the acceptance of different

assistive systems targeted to PTW riders. The results
showed that systems having the highest overall rider
acceptability within the countries taking part in the 2-
be-safe project were night vision, anti-lock braking
system (ABS), advanced front-lighting system and eCall.
The three lowest-ranked systems were Intelligent Speed
Adaption (ISA), lane keeping assistant and adaptive
cruise control.
A forgiving roadside is especially important for riders.

In Sweden, 19 riders (11% of all rider fatalities in the
country) were fatally injured when hitting guard rails
(barriers) in 2005–2008 [7]. Today, the barriers have
been softened to reduce impact forces when hit. In the
Norwegian design standards, seven of 18 issues on the
checklist for rider safety concern barrier design [8].
Intelligent Transport Systems (ITS) have recently been

effective in decreasing the number of road traffic fatal-
ities, specifically among passenger car occupants. Vul-
nerable Road Users (VRUs), such as motorcyclists and
moped riders, have received too little attention in the
development of ITS (e.g. [9]). Consequently, there is a
need for ITS that specifically address PTW riders as an
integral part of traffic. We focus on three systems con-
sidered to have good potential for improving the safety
of PTW riders: Intersection Safety (INS), the Powered
Two Wheeler oncoming vehicle information system
(PTW2V) and the Vulnerable road user Beacon
System (VBS).
The study presented here aimed to quantitatively esti-

mate the safety impacts of the selected ITS on PTW
riders in the EU-28, once the systems are fully adopted
in line with selected future scenarios in 2020 and 2030.
An ex-ante assessment method has been suggested by
Kulmala [10] for the traffic safety impacts of ITS. The
method has been used in expert assessments of ITS for
cars. The same approach was further developed and
applied in this study to assess the safety impacts of ITS
specifically designed for VRUs. As suggested by the
method, the analysis started by determining the impact
mechanisms through which the selected ITS systems
affect the safety of PTW riders.
2 Intelligent transport systems improving the
safety of powered-two-wheeler riders
2.1 Selection of systems
First, a list of 23 ITS was drawn up. This included all
ITS deemed to be near to market and to have good
overall potential to improve the safety, mobility and/or
comfort of VRUs. Subsequently, the impacts of these
systems on safety, mobility and comfort were assessed
qualitatively [11], and based on this a subset of 10 ITS
was selected for quantitative assessment. This selection
was done in a workshop using a multi-criteria assess-
ment and portfolio check (ex-post check on the overall
result) [12]. The multi-criteria analysis ranked the
systems, while the portfolio check determined whether
all important aspects were covered. The multi-criteria
selection included issues such as benefits, costs, deploy-
ment and users, and the portfolio check confirmed, for
example, that the systems addressed all vulnerable road
user groups, covered all impact categories, and covered
different types of ITS (infra-based, car-based, VRU-based
and cooperative ITS).
Four of these ten systems were targeted to PTW

riders. Of the four, Blind Spot Detection (BSD) was
only estimated to be effective in preventing moped
accidents, not motorcyclist accidents. Therefore, the
systems selected for the assessment presented here in-
cluded Intersection Safety (INS), the Powered Two
Wheeler oncoming information system (PTW2V) and
the Vulnerable road user Beacon system (VBS). The
systems are presented in greater detail in chapter 2.2.
2.2 Description of systems
A short description of each assessed system is
included below, with figures illustrating their per-
formance (Fig. 1).



a) b) c)

Fig. 1 Systems assessed. a Intersection Safety (INS). b Powered Two Wheeler oncoming vehicle information systems (PTW2V). c VRU Beacon
System (VBS)
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2.2.1 Intersection safety (INS)
The system assists the driver and VRU at intersections.
It covers both conflicts between vehicles and VRUs
during left- and right turning and vehicles arriving per-
pendicular to VRUs. Left- and right-turning assistance
pertains to a vehicle turning left or right into the path of
a VRU. A roadside unit (RSU) at an intersection detects
conflicting VRUs, in our case a rider, via camera or
radar, assesses the risk of collision, and sends a warning
of potential collision to the vehicle. The vehicle driver is
informed or receives a warning via an on-board unit. In
addition, the RSU warns the VRU of the danger with, for
example, flashing lights and/or sound. The system
covers two functions, for left- and right-turning assist-
ance and for conflicting vehicles arriving on perpendicu-
lar courses. Left- and right-turning assistance pertains to
a vehicle turning left or right into the path of the rider.
The process for conflicting vehicles with perpendicular
courses is the same as for the first function: an RSU
detects the rider crossing the intersection and informs
the vehicle of a possible collision. The system depends
on short-range communication and roadside sensors.
Optionally, the vehicle also uses its own sensors. The
system does not intervene; it aims to prevent accidents
between cars/trucks/buses and VRUs at signalised and
non-signalised intersections.

2.2.2 Powered two wheeler oncoming vehicle information
system (PTW2V)
The system informs both the equipped car/truck/bus
driver and equipped PTW rider of each other’s presence
if they are seen to be on a collision trajectory. Equipped
vehicles (cars, buses, trucks) and PTWs wirelessly
exchange information, such as position and speed. Both
parties are warned of each other’s presence only if they
are seen to be on a collision trajectory, not in harmless
situations to avoid over-informing and possibly annoying
the recipient. Both are warned of an imminent collision,
so both can act to prevent the accident or at least reduce
speed to mitigate the consequences. The system aims to
prevent accidents between cars/trucks/buses and PTWs,
especially at intersections.

2.2.3 VRU beacon system (VBS)
The VBS consists of a tag or device carried by a VRU
that sends out a signal, which is subsequently detected
by a receiving device installed in vehicles. This vehicle
system assesses the possibility of a collision based on the
estimated trajectory of the VRU. The driver is then
warned about a potential collision without any active
intervention. The system is targeted to prevent accidents
with all VRUs including pedestrians, cyclists, moped
riders and motorcyclists. The VBS detects not only
persons/vehicles in front, but also those at the rear and
side of the vehicle. The VBS system is also able to detect
possible collisions when there is no line of sight between
vehicle and VRU. Scenarios that the VBS is mainly
addressing are critical situations in urban areas, where
motorised traffic travels at speeds of up to 50 km/h and
where obstructed views or unexpected behaviour of
VRUs can potentially lead to conflicts. The system
aims to prevent accidents between cars/trucks/buses
and VRUs.

3 Method
3.1 Impact assessment method
An ex-ante method suggested by Kulmala [10] was
further developed and applied here to assess the safety
impacts of ITS designed specifically for VRUs. The
method is described in more detail by Malone et al. [13].
The method follows the generally accepted theoretical
background according to which traffic safety has three
dimensions: (1) exposure, (2) risk of a collision taking
place during a trip, and (3) consequences [14]. The
method proposed by Kulmala [10] exploits a set of nine
mechanisms through which ITS systems can affect road
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user behaviour and thereby road safety, to ascertain that
all possible impacts (both positive and negative impacts
on road safety; direct, indirect and unintended effects of
systems) will be covered, and no effects counted twice.
The nine mechanisms were modified by Malone et al.
[13] to be more focused on VRUs, changes in their
behaviour, and situations they face in traffic. The
mechanisms, which are described in more detail else-
where [13], are:

– Mechanism 1: Direct modification of the task of road
users by giving information, advice, and assistance or
taking over part of the task

– Mechanism 2: Direct influence by roadside systems
mainly by giving information and advice

– Mechanism 3: Indirect modification of user
behaviour in many, largely unknown ways

– Mechanism 4: Indirect modification of non-user
behaviour

– Mechanism 5: Modification of interaction between
users and non-users

– Mechanism 6: Modification of road user exposure by
for example information, recommendation,
restrictions, debiting or increased comfort in car
driving, Powered Two Wheeler (PTW) riding, cycling
or walking

– Mechanism 7: Modification of modal choice by for
example demand restraints (area access restriction,
road pricing, area parking strategies), supply control
by modal interchange and other public transport
management measures, and travel information
systems

– Mechanism 8: Modification of route choice by route
diversions, route guidance systems, dynamic route
information systems, and hazard warning systems
monitoring incidents

– Mechanism 9: Modification of accident consequences
by intelligent injury severity reducing systems at
crashes, by quick and accurate crash reporting and
call for rescue, and by reduced rescue time.

As highlighted by Kulmala [10] the indirect modifica-
tion of user behaviour is more long-term than the very
direct, short-term reactions to the system in mechanisms
1 and 2. Long-term behavioural adaptation may appear
in many different ways (for example, by reallocation of
attention resources or by change of expectation of the
behaviour of other road users). This behavioural adapta-
tion may often be due to delegation of responsibility of
the driving or riding task partly or totally to the system,
which the drivers or riders have learnt to rely on.
The process of estimating the safety impacts of the

selected ITS systems started with a literature review,
followed by determination of the relevant impact
mechanisms for PTW riders. The magnitude of the ef-
fect of each mechanism was assessed by experts based
partly on the literature review and partly on common
expertise on expected changes in road user behaviour
due to the use of systems. The estimates on the effects
of the selected ITS on PTW rider safety within the EU-
28 were calculated by assuming different penetration
rates for the systems. The CARE accident database was
used to scale up the results to the European level. The
ERiC (European Risk Calculation) tool was utilised to
facilitate the calculations. The accident data in the ERiC
is divided into different categories (urban/rural, intersec-
tion/links etc.), which enables the use of different effect
estimates for each category.
The method proposed by Kulmala has been applied in

numerous previous projects to assess the traffic safety
impacts of ITS for cars [15–20]. Because the ITS
systems under assessment in our paper are not yet de-
ployed, the possibility to validate the method lies in the
future. The assumptions on the possible effects of ITS
systems that we made during the assessment have been
made transparent so that our findings can be compared
with earlier and future assessments and validation of the
results. Future validation could include field operational
tests focusing on measuring road user behaviour. An
example is given elsewhere [20].

3.2 Data
The CARE database was chosen for the analysis, as it
contains details of accidents on a EU-wide level. Whilst
the broad nature of the database is clearly beneficial,
CARE is limited in some respects. For example, some
EU Member States joined the database agreements later
than others, which makes it more difficult to compare
data across years due to lack of consistency. Further-
more, new Member States also means more accidents—
or ‘cases’—and such addition of data impacts the results
by potentially indicating that an accident problem is
worse than it actually is (addition of Member State data
increases absolute numbers of individual collision types).
Then, there is variability across Member States in the
quality of accident data entered into the database, with
some countries providing highly detailed and accurate
data while others have many ‘unknowns’ due to inaccur-
ate recording of key accident circumstances such as
injury severity, age of crash participants and other fac-
tors from the scene of the accident. Finally, the database
suffers from underreporting, as detailed below. Despite
these shortcomings, CARE was selected for analysis
because it is the best EU-wide source of accident data
available. To overcome some of the above weaknesses,
and to generate background variable data, the countries
were grouped in three clusters based on the prevalent
safety situation in each country. The clusters were
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formed using the latest road safety and VRU safety-
related statistics. Countries with a similar safety situ-
ation, i.e. low, medium and high safety situation, were
included in the same cluster. For countries and criteria
where no detailed information was available in the
CARE database on background variables such as road
type, weather conditions, lighting conditions, location
and age (or when the values were not considered
reliable), the average values from the cluster to which
the country belongs were used.
Total fatality and injury numbers used in the calcula-

tions are listed in Table 1. The estimation of accident
numbers for 2020 and 2030 is described in chapter 3.3.
Total fatality figures for 2012 used in the impact

assessment calculations for the EU-28 were taken from
the Statistical Pocketbook [21]. The pocketbook does
not include information on the number of injuries
per se, only the number of injury accidents. We
therefore compiled total numbers of injuries from the
CARE database.
The more detailed information on fatalities and injur-

ies for the EU-28 were gathered from the statistics of the
CARE database for the year 2012. No accident data for
2012 was available for Belgium, Bulgaria, Estonia,
Lithuania, Malta, Slovakia and Sweden, thus the latest
available CARE data was used for those countries
instead. For Lithuania the total numbers of fatalities and
injuries in 2012 were taken from their national statistics.
It should be noted that the CARE data cannot be

assumed to be complete. Underreporting is a significant
and little-understood problem, especially for single-
vehicle accidents of VRUs and injury accidents. Gener-
ally speaking, the issue is that the police do not record
every injury accident, in addition to which the reporting
Table 1 Total number of moped, motorcycle and all road
fatalities and injuries in the EU-28 used in the calculations. The
2012 data are obtained from the CARE database (injuries) and the
EU statistical pocketbook (fatalities). The accident numbers for
2020 and 2030 are estimations based on the identified accident
trends, see [43] for more details

2012 2020 2030

Single moped fatalities 218 120 64

Moped-vehicle fatalities 705 388 208

Single motorcycle fatalities 1254 962 698

Motorcycle-vehicle fatalities 2877 2208 1316

Single moped injuries 21,225 13,114 7638

Moped-vehicle injuries 66,072 41,457 24,704

Single motorcycle injuries 32,379 25,994 20,111

Motorcycle-vehicle injuries 110,468 89,903 70,661

All road fatalities 28,126 16,429 8573

All road injuries 1,429,888 1,085,888 796,262
rate is biased towards more severe accidents or those
that cause traffic disruption. Actual reporting rates are
not known for most EU countries. Therefore, these
numbers should be treated with caution.

3.3 Procedure
The safety impact assessment method, described in the
previous section, was applied in the VRUITS project to a
set of 10 ITS. An overview of the results for the 10 ITS
has been provided by Silla et al. [22]. This paper
provides a more detailed assessment results regarding
the three PTW related ITS.
The safety impact assessment method adopted by Mal-

one et al. [13] and applied here followed the steps and
applied the calculation tool reported by Kulmala [10]
and is presented in Fig. 2. More details on the procedure
for arriving at the results are provided by Silla et al. [22].

1. System descriptions

First, a detailed description was written for each
system to ensure that everyone involved in the
assessment process had a clear and confluent grasp
of system’s functioning, technical restrictions,
projected user reactions and anticipated effects on
safety.
2. Description of effects

During this step, the relevant safety mechanisms
were selected for each studied ITS, and the
expected changes in driver and VRU behaviour
were described and documented for each
mechanism based on the extant literature and other
available evidence.
3. Estimation of effects by mechanism (mechanisms 1–
5, 9)

Here, the safety mechanism effects were described
as % increase/decrease of relevant accidents from
the baseline. An iterative approach was used for
estimation of the effects, especially those for which
no literature was found, by cross-checking and val-
idating them among experts both within the study
and from outside it [22].
4. Exposure effects

The results of a separate mobility assessment study
[23] were applied regarding mechanisms 6–8. The
estimated effects on moped and motorcyclist
exposure were converted to safety effects based on
the exponential model and values found from
earlier studies. These studies found a “safety in
numbers” effect, i.e. the number of accidents
increases less than proportionally to traffic volume
(see e.g. [24]). For cyclists the meta-analysis of Elvik
and Björnskau [24] includes four studies concerning
road links. One Swedish, one Danish and two Dutch
studies with estimates of 0.35, 0.67, 0.26 and 0.44



Fig. 2 Description of the overall safety impact analysis method

Table

System

INS

PTW2V

VBS
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respectively. The average is 0.43. Jacobsen [25] mod-
elled fatality risk for cyclists in 14 European coun-
tries. So the sample is quite representative for EU-
28 compared to other studies available. His estimate
of the exponent is 0.40. The result of Elvik and
Bjornskau [24] suggest that variation is larger for
cyclists than for pedestrians. One likely explanation
is that cycle infrastructure is very different in differ-
ent EU countries. Therefore the estimate of the
exponent concerning cyclists is presented with only
one decimal i.e. 0.4. In VRUITS project this same
exponent was used for mopeds. For motorcyclists
only one reference was found [26]. Marizwan et al.
[26] estimated the exponent for motorcycle flow
(ADT) to be 0.404 for Malaysia. In previous EU
impact assessment projects the exponent has been
set to 1 (e.g. [15–17]). The mean value between the
two assessments was chosen i.e. 0.7.
The effects of modal change were only included for
VRUs, as those between other vehicles and public
transport were considered to be insignificant.
5. Estimation of penetration rates

Penetration rates for the different systems were
estimated as low, medium and high range from
questionnaires sent to stakeholders and from
feedback given during a workshop [16] (Table 2).
The penetration rates used in the assessment for
PTW2V and VBS were calculated by multiplying
2 Estimate of implementation rates for the selected ITS applications

Parameter 2020

Low M

% of signalised intersections in urban areas 0% 0

% of vehicles (with C-ITS equipment) 5.0% 1

% of PTWs equipped 0.8% 4

% of vehicles (with C-ITS equipment) 5.0% 1

% of PTWs equipped 0.8% 5

% of vehicles (with C-ITS equipment) 5.0% 1
the vehicle penetration rates with the penetration
rate of PTW. In case of INS the infrastructure
penetration rate used in the calculations was higher
than the one presented in Table 2. This assumption
was made based on Kulmala et al. [17] who argue
that the deployment of the infrastructure systems
will start with the intersections with the highest
numbers of accidents. Therefore, the infrastructure
penetration rates were modified according to the
estimates of presented by Kulmala et al. [17] which,
for example, assume that 0.1% of the equipped
intersections account for 3% of all intersection
collisions and 1% of the equipped intersection 10%
of intersection collisions. in 2020. After the
modification the vehicle penetration rates were
multiplied with infrastructure penetration rates
similarly to PTW2V and VBS.
6. Estimation of accident trends for each cluster

Hancox et al. [27] carried out a regression analysis
of accident numbers obtained from the CARE
database for the period 2002–2012 (assuming no
system deployment) to predict the number of
accidents for 2020 and 2030. The safety trends were
organised by country cluster and accident severity
(‘fatal’ or ‘injured’). The analysis included
establishment of the ratio of accidents for 2020
and 2030 for every accident that occurred in
2012 (Table 3).
for 2020 and 2030

2030

ed High Low Med High

.4% 1.5% 2.0% 4.0% 5.0%

0.0% 13.0% 15.0% 30.0% 40.0%

.5% 12.0% 5.0% 28.0% 36.0%

0.0% 13.0% 15.0% 30.0% 40.0%

.0% 13.0% 5.0% 32.0% 40.0%

0.0% 13.0% 15.0% 30.0% 40.0%



Table 3 Ratio of predicted 2020 and 2030 moped rider and
motorcyclist accidents to every 1 moped rider / motorcyclist
accident in 2012

Year Moped riders

Cluster1 Cluster2 Cluster3 Average

Ratio to number of fatalities (number of accidents)

2012 1.000 1.000 1.000 1.000

2020 0.415 0.472 0.823 0.546

2030 0.137 0.185 0.647 0.288

Ratio to number of injuries (number of serious and slight accidents)

2012 1.000 1.000 1.000 1.000

2020 0.643 0.584 0.959 0.655

2030 0.373 0.309 0.993 0.415

Year Motorcyclists

Cluster1 Cluster2 Cluster3 Average

Ratio to number of fatalities (number of accidents)

2012 1.000 1.000 1.000 1.000

2020 0.694 0.829 0.736 0.769

2030 0.440 0.656 0.503 0.559

Ratio to number of injuries (number of serious and slight accidents)

2012 1.000 1.000 1.000 1.000

2020 0.882 0.741 0.828 0.846

2030 0.756 0.517 0.655 0.694
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7. Calculation of effects

The effect estimates per mechanism (from steps
3 and 4) were used to calculate the overall low,
medium and high estimate on the effect of the
system. These effect estimates were applied to
the EU-28 road accident data, so that the distri-
bution of the main classifying variable (collision
type) weighted the estimate. For example, it
could be that the investigated ITS was assumed
to be effective in preventing fatalities and injuries
in only one specific collision category (e.g.
motorcycle accidents). For some other ITS, dif-
ferent collision types might be considered. In
weighting, the effect estimate indicated in percent
changes was multiplied by the share (%) of rele-
vant accidents. If, for example, a system was
estimated to prevent 30% multi vehicle accidents
involving motorcycles and 9% of single vehicle
motorcycle accidents, the overall effect was
determined by multiplying the share of relevant
accidents by these effect estimates, and summing
the results. In the example, this would give for
the overall estimate the value “30% multiplied by
the share of multi vehicle accidents involving
motorcycles + 9% multiplied by the share of
single vehicle motorcycle accidents”.
The overall effects by mechanism were translated into
an overall effect of the system on all road fatalities/injur-
ies at 100% penetration rate according to an illustrative
example shown in Table 4. First, the estimates given in
percentages were converted to coefficients of efficiency
(e.g. a decrease of accidents by 10% means that the tar-
get group of accident is multiplied by coefficient 0.90).
Secondly, the total effect was computed by multiplying
the coefficients for each mechanism and giving this total
effect as percentage, on the row labelled “Total medium
effect”. This simplified example considers only 3 mecha-
nisms and 1 accident type. In reality, all mechanisms
(with nonzero effects) were taken into account.
The estimated non-usage of systems (e.g. due to

annoyance) was considered in the calculations together
with the penetration rate estimates, as factors reducing
the effect. In the example, this is shown on the row
labelled “Total medium effect with 80% usage” for the
non-usage, and on the row “Total medium effect with
60% penetration rate” for the penetration rate.
The impact of the system in number of fatalities was

calculated by multiplying the overall effect expressed as
a percentage of all road fatalities that will be saved or
created by the total number of all road fatalities. The
safety effects for 100% penetration rate (all relevant road
users, vehicles and infrastructure were assumed to be
equipped with the system) were calculated by exploiting
the 2012 accident levels. The safety effects for future
scenarios (2020 and 2030) were calculated by multiply-
ing the effect of the system by the estimated number of
fatalities of a particular scenario to arrive at the total
number of fatalities saved for that scenario. A similar
calculation was done for injuries, with different values
for the effects. A calculation tool, adapted from the
tool of Kulmala [10] for structuring the accident data
and effect estimates, was used to obtain the changes
in the number of fatalities and injuries per system in
the EU-28.

4 Results of the safety impact assessment
The first three subchapters (4.1–4.3) describe the
assumptions made in our safety impact assessment
calculations for each system. The final subchapter (4.4)
presents the results of the calculations. The results
presented in this paper cover only the safety benefits
obtained for PTW riders.

4.1 Intersection safety
The system can address all intersection accidents that
involve a PTW rider and a light or heavy vehicle, where
(1) the PTW rider is not hit from behind, (2) inattention
played a role, and (3) the system is effective, that is, the
driver or PTW rider is made aware of the danger by the
warning and is able to react properly. If a PTW rider is



Table 4 An illustrative example of calculation of the total effect on fatalities based on percent coefficients

Mechanism Effect on fatalities Effect, % Coefficient of efficiency

Mechanism 1 Decreases −10% 0.90

Mechanism 3 Increases + 0.5% 1.005

Mechanism 6 Increases + 2% 1.02

Total medium effect −8%← (0.90*1.005*1.02 = 0.92)

Total medium effect with 80% usage −8%*80% = −6.4%

Total medium effect with 60% penetration rate −6.4%*60% = −3.8%
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hit from behind, then that rider is generally not able to
prevent the accident. For the Netherlands, the fraction
of accidents where the PTW rider is not hit from behind
is 99% for both fatalities and injuries. Since no better
statistics are available, it is assumed that the same frac-
tions hold for the EU. The EU-wide CARE database
shows that 41% of fatal accidents and 46% of injury acci-
dents involving mopeds with vehicles occur at intersec-
tions, compared with 41% and 54% respectively for
motorcycles with vehicles.
Inattention is assumed to contribute to 30–50% of ac-

cidents. Furthermore, the system is only effective if the
driver is not incapacitated, which leads to the assump-
tion that 90% of fatalities and 94% of injuries are rele-
vant for this system.
The effectiveness is estimated as 50–60% (the road

user is made aware of the danger and system is expected
to be effective), based on results from the eIMPACT
[15], PReVAL [16] and Intersafe2 projects [17, 28]. These
studies looked at a similar system, the main difference
being that the VRU is not warned. The system effect
could be negatively impacted by overreliance, distrac-
tion, annoyance or lack of trust. eIMPACT and PReVAL
both estimate a reduction of the effect of the system. eIM-
PACT estimates that speed at intersections will increase
by 1%, leading to an increase in fatalities and injuries at in-
tersections by 2%. PReVAL estimates an increase of fatal-
ities and injuries by 1.5% due to overreliance. Assuming
that the vehicle speed will increase by 0–2% (in line with
the eIMPACT assumption), there is a 0–6% increase of
intersection accidents due to overreliance (taking into ac-
count that VRUs are more vulnerable than vehicle passen-
gers). For all other factors, a zero effect is assumed. In
particular, usage is assessed to be 100%.
If the system warns early enough, system users become

aware of the danger of conflict and consequently make
their intentions clear (e.g. by turning lights), which is
estimated to decrease all intersection crashes by 0–0.5%.
Wilmink et al. [15] estimate this effect as a reduction of
0.5% of all intersection crashes, and this estimate is
adopted here as a maximal effect.
The system is estimated to have a minor effect on the

mobility of pedestrians and cyclists. No effect was ex-
pected for the mobility of moped riders or motorcyclists.
4.2 Powered two wheeler oncoming information system
If the system is in use, both PTW riders and car drivers
are likely to be more aware of an upcoming hazard, low-
ering their speed or altering their steering response
through being informed that another road user is
present, thus reducing the accident risk.
Evidence regarding the nature and circumstances of

PTW accidents comes from several sources. In the
Motorcycle Accident In-Depth Study, or MAIDS [29],
in-depth accident data covering 921 motorcycle
accidents in five European countries suggested that
some 60% of motorcycle accidents involve collisions
with passenger cars—exactly the types of collisions that
the Powered Two-Wheeler On-coming Information Sys-
tem aims to prevent. According to the MAIDS data,
over a third of these accidents (35%) pointed to two
main accident configurations: accidents at an intersec-
tion, where the colliding vehicles were following perpen-
dicular paths, and left-turn accidents (right-turn in the
UK and Ireland), where two vehicles were approaching
the intersection from opposite directions and one ve-
hicle cut across the path of the oncoming motorcycle.
Similarly, Reed & Morris [30] found that of 283 fatal
PTW accidents, 46% occurred at an intersection whereas
54% occurred away from an intersection. These figures
conform to findings from the EU CARE database used
in our calculations, which show that 41% of fatal
accidents and 46% of injury accidents involving
mopeds with vehicles occur at intersections, com-
pared with 41% and 54% respectively for motorcycles
with vehicles also at intersections.
Furthermore, Phan et al. [31] found that for PTWs,

33% of accidents occurred due to inattention. As the
system draws attention to impending accidents, this
figure was included in the quantitative assessment, as
the system was expected to lower the number of PTW
accidents caused by inattention. However, we also con-
sidered that just because a system alerts drivers/riders to
an impending accident, this does not mean they will
always take the necessary action. Thus, an estimate of
94–100% of drivers/riders responding to the warnings
was assumed in the calculations.
There could also be some indirect negative effects of

introducing this system. First there is the issue of risk
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compensation; drivers of both cars and PTWs may drive
faster, assuming that the system will inform them in
good time of any impending danger. This has been dem-
onstrated for other technological systems such as vision
enhancement [32] and adaptive cruise control [33–36].
However, this was not considered in our calculations.
One factor that could significantly reduce the effective-
ness of the system is annoyance, causing users to disable
it. If it were optimally designed to alert drivers only to
imminent crashes this would not be an issue, but such a
perfectly working system is highly improbable. If the sys-
tem gives false warnings and alerts drivers to PTWs that
are simply near the car and not on a collision course
with it, the system is far more likely to be turned off. It
is estimated this would reduce effectiveness by a mini-
mum of 20% to maximum of 50%. The 20% figure most
likely applies to motorways or rural roads, on which
there are fewer motorcycles in most European countries.
The 50% applies more to urban environments, which
have a higher prevalence of mopeds and motorcycles in
closer proximity to cars. Possibly a PTW2V system could
offer added comfort to a PTW rider by reducing the
workload, lessening anxiety, and giving assurance that
the rider will not be hit by an oncoming vehicle and will
better be able to react to a developing situation. This
could result in more or longer pleasure rides.
There is no literature to date that has investigated the

effect of driver assistance systems on mileage. However,
Jamson & Chorlton [37], when investigating what moti-
vates motorcycle usage, found that, ‘The nature of
motorcycling … for some has become a leisure activity,
with the motorcycle being more of an accessory than a
means of transport.’ This suggests that the usage of
motorcycles may be more sensitive to such changes than
most forms of transport, as a result of it often being
used for pleasure as opposed to commuting or business.
This increase in comfort or perceived safety could there-
fore possibly have a large effect on usage rate.
As a result, the system is estimated to lead to more

pleasure trips and even to an actual switch in modality
towards moped and motorcycle usage for everyday com-
muting. Specifically, the road exposure of moped riders
is expected to increase by 0.4–0.7% with use of the
system and that of motorcyclists by 0–1.4%. In addition
to changes related to direct exposure effects (new and
longer trips), impacts are also expected on modal change
and are estimated to increase moped rider exposure by
0–1.3% and motorcyclist exposure by 0–0.3%.

4.3 Vulnerable road user beacon system
The system was estimated to prevent accidents between
vehicles and PTWs occurring in urban areas. The EU-
wide CARE database shows that 52% of fatal moped-
vehicle accidents and 84% of moped-vehicle accidents
resulting in injuries occur in urban areas. The corre-
sponding shares for motorcycle-vehicle accidents were
40% regarding fatalities and 73% regarding accidents
resulting in injuries. In addition, according to Phan et al.
[31], 33% of PTW accidents occur as a result of non-
detection or inattention of the car driver. In addition, it
is assumed that 85%–90% of equipped car/truck/bus
drivers will actually obey the warning and react in time,
and thus be able to avoid a collision.
Due to the warnings provided by the system, annoy-

ance due to high detection levels of VRUs, especially in
urban environments, where numerous pedestrians and
bicyclists are in the vicinity of the vehicle, can have a
significant impact on speed, throttle control and lateral
position on the road. While annoyance can lead to an
increased workload of direct system users, a tactile or
audio-visual warning, despite being annoying, has not
been shown to have a significant negative impact on ac-
tual accident risk. Nevertheless, increasing numbers of
audio warnings/information are associated with reduced
willingness to react to the provided information [38].
The potential effects of this are expected to lead to non-

usage of the system in 20–30% of cases. In addition, over-
reliance of either a car driver or a PTW rider expecting a
reaction from the other road user could lead to a negative
impact in view of the system’s aims. As the VBS is only ac-
tively used by the car driver, overreliance is assumed to be
higher for the active user (car driver) compared to in-
formed PTW rider, who expects to be detected. In these
situations, either PTW riders or car drivers are assumed
to be less vigilant due to the available system. Also in these
situations, overreliance could well diminish the expected
positive impacts of the system by 24–34%, if either of the
above negative effects applies.
The road exposure of moped riders is expected to in-

crease by 0.3–0.8% and the road exposure of motorcy-
clists by 0.1%–0.8% with use of the system. In addition
to changes related to direct exposure (new and longer
trips), impacts are also expected on modal change,
which is estimated to increase moped rider exposure by
0.1–0.7% and the road exposure of motorcyclists by 0.
1%–0.7%. These exposure changes were assumed based
on studies relating to risk perception and subjective
safety impacts on modal choice (see e.g. [39]). These
changes was expected to be especially relevant to the
group of motorcyclists which shows comparatively high
levels of insecurity and a lack of subjective safety in traf-
fic [40–42]. Therefore, the estimated increase in PTW
trips is expected to result from a more optimistic safety
perception of this mode of transport.

4.4 Overall results
According to our principle results, all of the systems we
studied have a positive impact on PTW rider safety by



Fig. 4 The overall impact in number of PTW rider fatalities in the
EU-28, full penetration. High/medium/low indicate the range of
the estimate
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preventing fatalities and injuries. When considering full
penetration, the best estimates for safety would be
achieved by adopting PTW2V and INS, and the poorest
by the Vulnerable road user Beacon System (VBS). The
estimated medium yearly reduction in percentage of all
road fatalities within the EU-28 is approximately 1.0%
for PTW2V, 0.9% for INS, and 0.8% for VBS (Fig. 3).
The estimated medium yearly reduction in number of
PTW rider fatalities at 2012 accident levels in the EU-28
is 283 for PTW2V, 261 for INS and 216 for VBS (Fig. 4).
The forecasts for 2020 and 2030, taking into account

the estimated penetration rates and accident trends,
showed the highest effects for INS (nine fewer fatalities
in 2030), followed by PTW2V (seven fewer fatalities in
2030) and VBS (six fewer fatalities in 2030) (Fig. 5). It
should be noted that the impacts are calculated for the
assumed penetration rates and have to be recalculated
when more accurate measurements of penetration rates
become available.

5 Discussion and conclusions
The objective of this study was first to identify the
mechanisms of impact through which selected ITS sys-
tems influence the safety of PTW riders, and to describe
their effects. Second, we aimed to estimate these impacts
quantitatively once these ITS systems are fully deployed
in the EU-28, including in selected future scenarios for
2020 and 2030. According to the analysis, all of the
systems we looked at have a positive impact on PTW
rider safety by preventing fatalities and injuries. The best
effects (when considering 2012 accident data and full
penetration) were offered by PTW2V and INS, and the
weakest by VBS. The estimated medium annual drop in
PTW rider fatalities in the EU-28 varied between 216
and 283 per system at 2012 accident levels. The strong
effect of PTW2V is not surprising, since this system po-
tentially addresses all multi-vehicle accidents. It could be
even increased if higher levels of usage attained (cur-
rently 20–50% of non-usage was assumed to be caused
Fig. 3 The overall impacts (%) of systems on all road fatalities in the
EU-28, full penetration. High/medium/low indicate the range of
the estimate
by annoyance). Furthermore, based on the results, the
other two systems (INS and VBS) also show significant
potential for improving the safety of PTW riders. Their
effects are, however, slightly lower, mainly because INS
and VBS target only specific situations — INS intersec-
tion accidents, and VBS mainly situations with
obstructed views or unexpected behaviour of VRUs.
However, even small safety effects can be significant
when, as we assume will happen in the future, the
systems are introduced as combinations or bundles,
especially when individual systems in a bundle target
different type of accidents.
A look-ahead to 2030 considering predicted penetra-

tion rates and accident trends provides a more realistic
view of the expected effects. The results for future
scenarios (2030) showed the strongest effects on fatality
numbers per system in the EU-28 for intersection safety.
In our assessment, the level of penetration, which was
based on questionnaires and feedback from stakeholders,
was assumed to be quite low. The respondents were not
specifically asked to provide promoted scenarios (e.g.
policy actions of the European Commission), therefore
the responses can be considered conservative (business-
as-usual scenarios). An additional reason for relatively
low penetration rates is that all the investigated systems
require that two parties are equipped with the system. In
Fig. 5 The overall medium impact in number of PTW rider fatalities
in the EU-28, future scenarios
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PTW2V and VBS, both PTW riders and vehicles need to
be equipped with the system, and INS requires equip-
ping both vehicles and the infrastructure. We acknow-
ledge that even over the short-term period since the
questionnaires were completed, several European Com-
mission (e.g. the C-ITS Platform) and other promotional
activities have taken place (such as the discussion on au-
tomated driving), in which case the estimated penetra-
tion rates could well be higher now.
User acceptance of ITS among PTW riders might be

an issue for deployment. For example, systems designed
for cars are not often suitable as such for PTW riders.
Different types of sensors, visual user interfaces, integra-
tion with vehicles and standards are needed for PTWs.
In addition, the cost of a system, initially designed for
cars, should be better adjusted to that of a PTW. That
said, implementation of ITS systems can provide added
value to the PTW riding experience, for example
through better road markings needed for the systems. In
addition, ITS warnings of problems typical to PTW,
such as slippery road surfaces, manholes, and cross-
walks on curves would make the systems more desirable
for PTW riders.
It is important to note that the provided estimates on

safety effects consider future systems in future scenarios,
which makes estimated numbers of avoided fatalities
and injuries in the EU-28 somewhat uncertain. In gen-
eral, this uncertainty can derive from a) estimates of
safety effects (which depend on the results of expert
questionnaires and findings from the literature), b) acci-
dent data (which depends on the quality of data on dif-
ferent accident types), c) estimated accident trends, and
d) estimated penetration rates. The uncertainty was ad-
dressed by providing low, medium and high values for
all the estimates related to each relevant safety mechan-
ism. Similarly, the estimates of penetration rates in-
cluded low, medium and high values. Uncertainties in
accident data and accident forecasts were not addressed.
The results of this paper concern only fatalities. This
is because during the assessment process it became
evident that the underreporting of injuries is common
and the extent of this problem varies between coun-
tries. For fatalities, the data is of better quality but
not perfect either.
Moreover, when interpreting the results for future

scenarios, it is important to note that the impact differ-
ence between 2020 and 2030 is partly due to the current
trend of year-by-year drop in number of fatalities and
injuries being expected to continue into the future,
which is a rather conservative assumption. This trend is
subject to a wide range of safety enhancements (e.g.
improvements in infrastructure, vehicles, driver and
traveller training, etc.) other than the systems under
consideration in this project. The consequence of this
trend is that there will be fewer fatalities and injuries in
2020 and 2030, hence a system that prevents the same
fraction of fatalities and injuries in 2020 as in 2030 will
have lower savings in 2030 than in 2020 in absolute
numbers. On the other hand, PTW ridership can in-
crease for a number of reasons, which would influence
accident trends and thus increase the number of PTW
rider accidents in respect to the estimate. The trends
have been determined separately for different VRU
groups and cars, because the historical trend shows large
differences, but further subdivision (e.g. by accident
type) has been deemed unnecessary and unpractical.
In summary, the results of this study show that the

ITS under study have a strong potential to improve the
safety of PTW riders. It should be noted that the im-
pacts are calculated for the assumed penetration rates
and have to be recalculated when more accurate mea-
surements of penetration rates become available. In
order to realise the potential safety effects (or obtain
even higher safety benefits than estimated in this study),
the deployment of the most promising systems should
be supported by different stakeholders and decision
makers. In future, the accuracy of the estimates can be
improved by better accident data (more detailed infor-
mation on numbers and details of accidents, including
also hospital data) and by trials to collect more informa-
tion on the functioning of the systems and their effect
on road user behaviour.
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