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ABSTRACT 
 
Powered Two Wheelers (PTWs) accidents 
constitute one of the road safety problems in 
Europe. PTWs fatalities represent 22% at EU level 
in 2006 [1], having increased during last years, 
representing an opposite trend compared to other 
road users’ figures. 
 
In order to reduce these figures it is necessary to 
investigate the accident causation mechanisms 
from different points of view (e.g.: human factor, 
vehicle characteristics, influence of the 
environment, type of accident). SAFERIDER 
project [2] (‘Advanced telematics for enhancing 
the SAFEty and comfort of motorcycle RIDERs’, 
under the European Commission ‘7th Framework 
Program’) has investigated PTW accident 
mechanisms through literature review and 
statistical analyses of National and In-depth 
accident databases; detecting and describing all the 
possible PTW´s accident configurations where the 
implementation of ADAS (Advanced Driver 
Assistance Systems) and IVIS (In-Vehicle 
Information Systems) could contribute to avoid an 
accident or mitigate its severity. 
 
DIANA, the Spanish in-depth database developed 
by CIDAUT, has been analyzed for that purpose. 
DIANA comprises of accident investigation teams, 
in close cooperation with police forces, medical 
services, forensic surgeons, garages and scrap 
yards. An important innovation is the fact that 

before injured people arrive to hospitals, 
photographs and explanations about the possible 
accident injury mechanisms are sent to the 
respective hospitals (via 3G GPRS technology). By 
this, additional information to medical staff can be 
provided in order to predict in advance possible 
internal injuries and select the best medical 
treatment. This methodology is presented in this 
paper. 
 
On the other hand, the main results (corresponding 
to road, rider and PTW characteristics; pre and 
post-accident manoeuvres; road layout; rider 
behaviour; impact points; accident causations;…) 
from the analyses of the PTW accidents used for 
SAFERIDER are shown. Only accident types 
relevant to ADAS and IVIS devices have been 
considered 
 
INTRODUCTION 
 
European statistics show that the number of 
Powered-Two-Wheelers (PTW) road accidents is 
high. Motorcycle and moped fatalities account for 
22% of the total number of road accident fatalities 
in 2006, in EU-14 member countries. It is 
therefore evident that the reduction of PTW 
accidents is of major concern for the European 
community. The adaptation and implementation of 
appropriate Advanced Driver Assistance Systems 
(ADAS) and In-Vehicle Information Systems 
(IVIS) technologies in PTWs might contribute to 
the significant enhancement of riders' safety.  
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SAFERIDER project 
During the last decade, ADAS and IVIS 
development has been one of the main research 
areas of the automotive industry, in order to 
increase safety and comfort of passenger cars. 
These new technologies have been already 
introduced in the automotive market and their 
evolution is definitely fast and efficient. However, 
such technologies in motorcycles and even clean 
motorbikes (electric), in order to increase the 
safety and comfort of riders, an extremely 
susceptible road user group, is currently lacking 
behind and should be undoubtedly studied further. 
Thereby it needs to be stressed that such 
technologies should be designed and developed in 
a way that will not interfere with driving and/or 
annoy the rider. 
 
SAFERIDER project (‘Advanced telematics for 
enhancing the SAFEty and comfort of motorcycle 
RIDERs’, under the European Commission ‘7th 
Framework Program’) has started in January 2008 
with the aim of enhancing PTW riders’ safety by 
applying ADAS/IVIS on PTWs of all types for the 
most crucial functionalities and develop efficient and 
rider-friendly interfaces and interaction elements for 
riders’ comfort and safety. 
 
Characterization of PTW accident scenarios  - 
One of the first steps carried out in the 
SAFERIDER project has been the characterization 
of the PTW accident scenarios susceptible to be 
avoided or minimized through ADAS and IVIS 
implementations. For obtaining this purpose, the 
following tasks have been done: 

 1. Review of existing European motorcyclists’ 
accident reports [3]. 

 2. Analysis of national accident statistics: 
 -Spain: DGT (Spanish national database). 

-Germany: Official German Road Accident 
Database. 

 -Italy: SISS (Italian national database). 
-France: Assurance Mutuelle des Motards 
(French insurance company database). 

 3. Analysis of in-depth accident databases: 
-Spain: DIANA (Spanish in-depth accident 
database). 
-Germany: GIDAS (Germany in-depth accident 
database). 
-Europe: MAIDS (under permission by ACEM), 
which is an ad-hoc motorcyclists’ accidents 
database developed, with more than 900 
motorcyclists’ accidents analysed in detail.  

This paper will firstly present a description of 
DIANA database (one of the in-depth accident 
databases used in the characterization of the PTW 
accidents scenarios). In the second part, the most 
relevant accident scenarios concerning to PTWs 
are described together with the parameters that 
should be considered in the next SAFERIDER 
steps (ADAS and IVIS implementations). This 
identification has resulted in 17 pre-crash 
scenarios, so called SAFERIDER ‘Use cases’. 

DIANA: THE SPANISH IN-DEPTH 
ACCIDENT DATABASE 

DIANA is the Spanish in-depth accident database 
developed by CIDAUT. It has been one of the 
three in-depth databases used during the analyses 
of SAFERIDER to obtain the main characteristics 
of PTW accidents where ADAS and IVIS could 
avoid them or mitigate the consequences. 
 
CIDAUT counts with accident investigation teams 
(composed of engineers and psychologists) that 
travel immediately (‘prospective investigations’) to 
the accident scene to perform an ‘in-depth 
investigation’, in close cooperation with police 
forces, medical services, forensic surgeons, 
garages and scrap yards. When it is not possible to 
travel immediately to the accident spot, a 
‘retrospective investigation’ is made if sufficient 
information can be gathered. A complete scene and 
vehicle analysis equipment and reconstruction 
software are used. All information gathered is 
stored in an own database for further exploitation 
jointly with access to other accident databases, as 
for example the national one coming from the 
DGT (Dirección General de Tráfico) which 
provides information on every injury accident. 
 

 
 

Figure 1.  DIANA ‘Spanish in-depth database’ 
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Sampling plan 
The sampling area is located within the Valladolid 
province (8,202 km2), covering both urban and non-
urban roads. Nevertheless this sampling area can be 
wider depending of the type of accidents to be 
researched. 

 
Figure 2.  Sampling area (in red) 

 
Accident selection is based on random notification 
from police control rooms, as the responsibility for 
accidents within urban areas rely on Urban Police 
(Policía Municipal del Ayuntamiento de Valladolid) 
and accidents occurred within non-urban areas rely 
on other kind of police (Guardia Civil de Tráfico). 

 Figure 3. Prospective in-depth investigation of 
a PTW accident 

 
Data coding and quality control 
After data collection, an accident 
reconstruction is carried out with the aim of 
finding out what happened and assessing the 
causes that led to the accident. Accident 
reconstruction allows to discover the collision 
severity and to obtain a detailed simulation of 
the accident dynamics. It is carried out based 
on vehicle deformations, vehicle marks and 
remains, etc. The reconstruction is performed 
using PC Crash obtaining the estimation of 
delta-V and EES. In some cases, analytical 
calculations are also performed (conservation 
of linear/angular momentum and conservation 
of energy). 

 
Furthermore, interviews to the people involved in the 
accident and witnesses (if any) are performed in 
order to collate both sources also together with police 
information. When it is not possible to interview 
these people, different sources are asked for, such as 
police forces or medical services. 

 
Figure 4. Interview by hospital staff 

 
Police reports are always obtained by accident 
investigation teams, and later are contrasted with the 
in-depth information gathered on the spot by 
themselves. 
 
Finally, information about injuries is collected by the 
medical staff belonging to the DIANA consortium 
(‘Río Hortega’ hospital in the cases of injured people 
or ‘Legal Anatomic Institute of Valladolid’ in the 
cases of fatalities) in order to obtain both the injured 
people statements and the injury report with the AIS 
codifications.  

 
Information gathered 
More than one thousand of different variables are 
defined in DIANA database (this figure increases 
when there is more than one vehicle, occupant or 
pedestrian involved). These variables are classified 
into three modules: ‘Accident’, ‘Vehicle’ and 
‘Occupant/Pedestrian’. 
 
In the case of the accidents used for SAFERIDER 
project, specific information about PTW´s was 
gathered: 
– Motorcyclist dynamic: It was collected specially 

in cases in which motorcyclist impacted against 
a safety barrier, even when a motorcyclist 
protective device is present.  

– Motorcyclist clothing: Type and thickness. 
– Helmet: Use, type, screen existence, subjection, 

ejection, damage localization and cause of this 
damage. 
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On-line photosafety 
In the cases of ‘prospective investigations’, the 
technical members of CIDAUT, just after arriving 
to the scene, send photographs of the accident to 
the respective hospitals where the injured people 
are going to or are being taken. This process is 
called ‘On-line photosafety’. 
 
The objective of this process is that medical staff 
receives these photographs (via 3G GPRS 
technology) before the injured people arrive and  
they can diagnose/predict possible internal 
injuries. Obviously, it is necessary that CIDAUT´s 
team arrives to the scene before the EMS 
(Emergency Medical Service) takes the injured 
people to the hospital. The information sent to the 
hospital concerns photographs and explanations 
(also by mobile phone) about the possible accident 
injury mechanisms. 
 

 
Figure 5. Member of CIDAUT taking 

photographs at the accident scene 
 

 
Figure 6. Member of CIDAUT sending the 

photographs before injured people arrive at 
respective hospitals 

 

 
Figure 7. Hospital members analysing the 
photographs before injured people arrive 

 

PTWS ACCIDENTS SUSCEPTIBLE TO BE 
AVOIDED OR MINIMIZED THROUGH 
ADAS AND IVIS 

Once SAFERIDER carried out the first steps of the 
project (literature review about PTW accidents, 
analyses over National PTW accident databases 
and analyses over in-depth PTW accident 
databases), it has been possible to characterize the 
PTW accident scenarios susceptible to be avoided 
and minimized through ADAS and IVIS 
implementations. 
 
It should be underscored the importance of 
matching the information derived from National 
and In-depth databases. While the general figures 
from National databases have allowed obtaining 
the scope of each problem over the whole PTW 
accidents, the in-depth databases have given very 
detailed and deep information.  
 
Following, the description of the seventeen 
accident scenarios selected is given. For each one 
of these scenarios, the structure of the information 
is: 
-Characterization: Variables and respective values 
describing each scenario, for instance, ‘Accident 
causes’, ‘Accident characteristics’, ‘Type of 
vehicles involved’, ‘Relative trajectories’, ‘Vehicle 
speed’. ‘Road conditions’, ‘Rider type’, ‘Rider 
experience’…and any possible variables needed 
for reproducing (via tests or via simulations) the 
same conditions in which the accident happened. 
Furthermore, specific variables have been chosen 
as ‘Priority variables’ with the aim of having a 
general use case description. 
- List of possible ADAS/IVIS: A list of the ‘Main 
variables to be studied in this accident’ as well as 
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‘Possible ADAS/IVIS detected which can be avoid 
or minimize this accident scenario’. The reason of 
listing these ADAS/IVIS is because, at the end, the 
result of this study is to detail (‘Characterization’) 
the main scenarios where the accidents happen as 
well as the possible ADAS/IVIS that could avoid 
these accident. 
- Example of ADAS/IVIS working: Finally, an 
example of a possible ADAS/IVIS working in that 
scenario is given.  
 
Urban Single Motorcycle Accident On Straight 
Road. 
Characterization: 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: If the support 
system is on: A motorcycle is driving straight on 
an urban road in its own lane. The speed is too 
high for the circumstances.  The "Speed Alert" 
system effectively warns the rider to reduce speed. 
There is a sudden event (i.e. pedestrian suddenly 
crossing, car leaving parking place), which might 
cause an accident, if the rider does not decrease 
speed. 
 
 
 
 
 
 

Urban single motorcycle accident on bends. 
Characterization: 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
approaching a bend on an urban road. The riding 
conditions are not appropriate for the bend. The 
"Curve Warning" system effectively warns the 
rider about the appropriateness of the current 
riding conditions in order to ride safely through 
the curve. If the rider reduces speed, it is likely 
that he/she keeps the motorcycle under control and 
no accident occurs.  
 
 
 
 
 
 
 
 
 
 
 
 



 

Molinero 6 

Rural single motorcycle accident on straight 
road (motorways and two carriageways roads 
excluded). 
Characterization: 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
driving straight on a rural road (which is not a 
motorway or a two carriageway road) in its own 
lane. The speed is too high for the circumstances. 
The "Speed Alert" system effectively warns the 
rider to reduce speed. There is a sudden event (i.e. 
animal suddenly crossing, car crossing road), 
which might cause an accident, if the rider does 
not decrease speed. 
 
 
 
 
 
 
 
 
 
 
 
 

Rural single motorcycle accident on straight 
road (only motorways and two carriageways 
roads).  
Characterization: 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
driving straight on a rural road (motorway or two 
carriage road) in its own lane. The speed is high 
for the circumstances. The "Speed Alert" system 
effectively warns the rider to reduce speed. An 
animal (for example) suddenly crosses the road. 
The accident may be averted if the rider reduces 
speed and thus has more time to react. The 
“Frontal Collision” system may also warn the rider 
to brake, thus avoiding the accident.  
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Rural single motorcycle accident on bends 
(motorways and two carriageways roads 
excluded).  
Characterization: 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
approaching a bend on a rural road (not motorway 
or two carriageways road). The riding conditions 
are not appropriate for the bend. The "Curve 
Warning" system effectively warns the rider about 
the appropriateness of the current riding conditions 
in order to ride safely through the curve. If the 
rider reacts according to the system warning, it is 
likely that the rider does not lose control and no 
accident occurs.  
 
 
 
 
 
 
 
 
 

Rural single motorcycle accident on bends (only 
motorways and two carriageways roads).  
Characterization: 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
approaching a bend on a rural road (motorway or 
two carriageways road). The riding conditions are 
not appropriate for the bend. The "Curve Warning" 
system effectively warns the rider about the 
appropriateness of the current riding conditions in 
order to ride safely through the curve. If the rider 
reacts according to the system warning, it is likely 
that the rider keeps the motorcycle under control 
and no accident occurs.  
 
For the night lighting condition, a motorcycle is 
approaching a bend on a rural road (motorway or 
two carriageways road). The lighting conditions 
are not appropriate. The radius of the curve is 
smaller than expected. The speed is high for the 
bend.  The "Adaptive Light" system effectively 
informs the rider about the real radius of the bend. 
If the rider reduces speed to the one appropriate 
for the bend, it is possible that the rider does not 
lose control and no accident occurs.  
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Front-side urban junction accident with car.  
Characterization: 

Example of ADAS/IVIS working: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
approaching an urban ‘+’ junction type. The 
motorcycle is on a priority road. A passenger car is 
approaching the same junction at 90º relevant to 
the motorcycle. The passenger car does not obey 
the give priority sign and does not brake. The 
“Intersection Support” system warns the rider to 
pay attention to the next intersection. The possible 
accident may be averted, if the rider does reduce 
speed in the proper time. 
 

Front-side rural junction accident with car 
(motorways and two carriageways roads 
excluded).  
Characterization: 

List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
approaching a rural T-junction. The motorcycle is 
on a give way road. A passenger car is 
approaching the same junction at 90º relatively to 
the motorcycle. The rider does not obey the give 
priority sign and does not brake. The “Intersection 
Support” system warns the rider. The possible 
accident may be averted, if the rider does reduce 
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speed and obeys the priority rules, as a result of 
the warning. 
 
Rear-end accidents in urban non-junctions with 
cars.  
Characterization: 

List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
driving straight on an urban road (non junction).  
There is a passenger car moving in front of the 
motorcycle. The motorcycle drives very close to 
the passenger car. The “Frontal Collision” system 
warns the rider about the dangerously low distance 
from the passenger car. The passenger car 
suddenly breaks abruptly. The possible accident 
may be averted, if the rider obeys the warning of 
the system. 
 
 
 
 
 
 
 

Rear-end accidents in rural non-junctions with 
cars (motorways and two carriageways roads 
excluded).  
Characterization: 

List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
driving straight on a rural road (not motorway and 
two carriage way road). There is a passenger car 
moving in front of the motorcycle. The motorcycle 
drives very close to the passenger car. The 
“Frontal Collision” system warns the rider about 
the dangerously low distance from the passenger 
car. The passenger car suddenly breaks abruptly. 
The possible accident may be averted, if the rider 
obeys the warning of the system. 
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Rear-end accidents in rural non-junctions with 
cars (only motorways and two carriageways 
roads).  
Characterization: 

List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A motorcycle is 
driving straight on a rural road (motorway or two 
carriageway road). There is a passenger car 
moving in front of the motorcycle. The motorcycle 
drives very close to the passenger car. The 
“Frontal Collision” system warns the rider about 
the dangerously low distance from the passenger 
car. The passenger car suddenly breaks abruptly. 
The possible accident may be averted, if the rider 
obeys the warning of the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Mopeds single urban accident.  
Characterization: 

List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A moped is driving 
straight on an urban road in its own lane. The 
speed is too high for the circumstances. The 
"Speed Alert" system effectively warns the rider to 
reduce speed. There is a sudden event (i.e. 
pedestrian suddenly crossing, car leaving parking 
place), which might cause an accident, if the rider 
does not decrease speed. 
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Mopeds single rural accident (motorways and 
two carriageways roads excluded).  
Characterization: 

List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A moped is driving on 
a rural road (which is not a motorway or two 
carriageway roads) in its own lane. The speed is 
too high for the circumstances. The "Speed Alert" 
system effectively warns the rider to reduce speed. 
There is a sudden event (i.e. animal suddenly 
crossing, car crossing road), which might cause an 
accident, if the rider does not decrease speed. 
 
Urban front-side accidents in junctions of 
mopes with cars.  
Characterization: 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A moped is 
approaching an urban ‘X’ or ‘+’ junction type. The 
moped is moving on an inferior road. A passenger 
car is approaching the same junction at 90º 
relatively to the moped.  The moped does not obey 
the give priority sign and does not brake. The 
“Intersection Support” system warns the rider to 
reduce speed. The possible accident may be 
averted, if the rider does reduce speed and obeys 
the priority rules. 
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Rural front-side accidents in junctions of mopes 
with cars (motorways and two carriageways 
roads excluded). 
Characterization: 

 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A moped is 
approaching a rural T-junction. The moped is 
moving on a give way road. A passenger car is 
approaching the same junction at 90º relatively to 
the moped. The rider does not obey the give 
priority sign and does not brake. The “Intersection 

Support” system warns the rider to reduce speed. 
The likely accident can be averted, if the rider does 
reduce speed, as a result of the warning of the 
system. 
 
Head-on accidents in urban areas, between 
mopeds and cars.  
Characterization: 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A moped is driving 
straight on an urban road. There is a slow 
passenger car moving in front of the moped. The 
moped wants to overtake and enters in the opposite 
lane. There is an oncoming car. The “Frontal 
Collision” system warns the rider that the distance 
to the oncoming car is reducing. The possible 
accident can be averted, if the rider obeys the 
warning of the system. 
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Head-on accidents in rural areas, between 
mopeds and cars (motorways and two 
carriageways roads excluded).  
Characterization: 

 
List of possible ADAS/IVIS: 

 
Example of ADAS/IVIS working: 
If the support system is on: A moped is driving 
straight on a rural road (no motorway or two 
carriageway road). There is a slow passenger car 
moving in front of the moped. The moped wants to 
overtake and enters in the opposite lane. There is 
an oncoming car. The “Frontal Collision” system 
warns the rider that the distance to the oncoming 
car gets too close. The possible accident may be 
averted, if the rider obeys the warning of the 
system. 
 
 
 
 
 
 

CONCLUSIONS 
 
The main characteristics of PTW accidents 
susceptible to be avoided or minimized through 
ADAS and IVIS implementations have been 
obtained through ‘Literature review’ and analyses 
over ‘National’ and ‘In-depth’ PTW accident 
databases, which have been carried out in the first 
steps of SAFERIDER project (FP7 European 
funded project). 
 
One of the in-depth accident databases available to 
SAFERIDER project has been DIANA. During 
this paper, a brief explanation has been given 
about how an important and innovative working 
methodology developed in DIANA is helping to 
hospital members to diagnostic possible injuries 
before people involved in accidents arrive to 
hospitals.  
 
The use of DIANA accident database, as well as 
other in-depth and National databases has allowed 
to obtain the characterization (e.g.: road, rider and 
PTW characteristics; pre- and post-accident 
manoeuvres; road layout; rider behaviour; impact 
points, accident situations) of 17 PTWs accident 
scenarios ‘susceptible’ to be avoided or minimized 
its effect through the implementation of ADAS-
IVIS on the PTWs.  
 
The next step of SAFERIDER project will be the 
use of this information, as well as the information 
from ‘User forums’ carried out and ‘User needs’ 
analysed, with the only objective of selecting the 
four ADAS and the four IVIS most important with 
respect to safety and therefore with highest 
priority. Then, the systems will be implemented to 
PTWs and tests either through simulation scenarios 
on a driving simulator or real test will be 
developed. Finally, cost-benefit analyses will be 
performed to identify the social impact of the 
implementation of the selected ADAS-IVIS 
systems. 
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