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ABSTRACT

Powered Two Wheelers (PTWSs) 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 VIS (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:

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

v/ 2. Analysis of national accident statistics:

-Spain: DGT (Spanish national database).
-Germany: Official German Road Accident
Database.

-Italy: SISS (lItalian national database).

-France: Assurance Mutuelle des Motards
(French insurance company database).

v' 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
ACCIDENT DATABASE

IN-DEPTH

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 (Direccion General de Trafico) which
provides information on every injury accident.
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Figure 1. DIANA ‘Spanish in-depth database’
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Sampling plan

The sampling area is located within the Valladolid
province (8,202 km?), covering both urban and non-
urban roads. Nevertheless this sampling area can be
wider depending of the type of accidents to be
researched.

‘v, ﬂd .
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
(Policia Municipal del Ayuntamiento de Valladolid)
and accidents occurred within non-urban areas rely
on other kind of poli

- :
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 hopital 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
(‘Rio 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.

igure 5. Mbr of CIDAUT takig
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:
CAsE NAME Urban single mo torcycle accident on straight road
GOAL 7% of all crashes [Uterature], 4.5 % [nationall, 7.5% (n-depth

TYPE OF EGO-YFHICLE Motorcycle [L3], 32,9% [scooter style], 30% [sport style]
{MOPED, MOTORCYCLE)

TYPE OF OTHER VOLVED None
VEHICLE
ACCIDENT CAUSES Loss of control [70%) Priority High

Travelling too fast [10.2% [national) - 55% [in-depth)] Priority High
Lack of attention (28%)

Distraction [26%)

Road environment (23.85%)

Driver behaviour or experience [90%) Priority High

[ ACCIDENT CHARACTERBTICS || Running off the roadway [23% of all single venicle accidents) Priority High |
Breaking side-outs [15%)

Motorcycle capsize (10%)

[ EGO HO OF OCCUPANTS -

TVPE OF ROAD Urban, Flat road (7% Priority High
RELATIVE TRA JECTORIES Siraight road: 67% of relevant accidents Priority High
EGO-VEHICLE SPEED <40 ki [105%

40-59 km/h (51.4%) Priority High
£0-99 km/h [14.3%]

OTHER VEHICLE SPEED T7A
ME TO COLLISION -
TME OF THE DAY/ WEATHER || Day/ Clear: 16.9% (in-depth] - 51.4% [national] Priority High

Days Slight Rain: 15.5%
Dawn Clear: 13.4%
Night/ Clear: 22.6% Priority High

"ROAD COMDITIONS | Dry: &4%-963% Priority High

wiet: 4%-19%

Bad weather [10% (GIDAS] - 70% (MAIDS]
[VISIBILITY Wisibilty problems on 40% of relevant acoidents |
FUDER TYPE T8-25 years [13-14.7%]

26-35 years [27-34.4%) Priority High
36-45 years (26,9-29%) Priority High
46-55 years [11-12.7%)

RIDER EXPERIENCE T-4 years [23-30%) Priority High
5-10 years [17%)

>10 years (31-36%) Priority High

List of possible ADAS/IVIS:

Possible ADASIVIS related with the factor detected
iwhich can help to minimize or avoid the accident)

Variables to be studied in each type of accident
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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:
Case NaME Urban single motorcycle accident on bends
GoaL T5% 0 all crasnes [WLerature], 1.9 % (nanonal], 3.7% [in-dep

TYPE OF EGO-VEHICLE
{MOPED, MOTORCYCLE)

Fotorcycle L3, 18.5% [sCO0Ter style], 20. 8% [Sport style], 15, 5%

(conventional street style)

TYPE OF OTHER INVOLVED None
VEHICLE
ACCIDENT CAUSES LCoss of control [95%] Priorty Hign

Travelling too fast [20.4% (national] - 70-1008 (in-depth)]

Lack of attention (28%)

Distraction (25.4%)

Road environment (25, 63

Driver behaviour or experience (70%) Priority High

[ ACCIDENT CHARACTERISTICS RONAIRg off the roadway | of all single veFicle accidents) Priority Hig)
Breaking side-outs (15%]

wotorcycle capsize (10%)

[ £GO N0 OF OCCUPANTS
TYPE OF ROAD Urban

Safety Barrier [6%)

Lane width &-7m [19%)

Flat road (68.8%) Priority High

Uphill [16.7%)
Downhill [12.5%)
RELATIVE TRAJECTORIES LeftCurve:

Curve radius <%0m (15, 8%)

Curve radius 90, 450 (20,6%) Priority High
Right Curve

Curve radius <30m [10.8%)

Curve radius 90, 450 (21.6%) Priority High
[EG0-VERCLESPERD Ao KT (16,75
40-59 kv (29.2%)
60-99 km/h (43 .8%) Priority High
[ OTHER VEHICLE SPEED N
[ TIME TO COLUSION -
[TiE Or THE DAY/ WEATHER | Day/ Clear 24, 1% Tn-0apth] - 60.3% [nafional Priorty gh
Dawn Clear: 5.6-13.1%
Might/ Clear: 25.7% Priority High

[RoAD CONDITIONS Dry: 71, %- 9% Priority Figh
et 4%-13%

(Wi TEToMlity problems on 40% of relevant acciden |

R e T8 years (5.9-12.59

18-25 years [16.4-18, 8%)

26-35 years (29.2-35.7%| Priority High
36-45 years [12.5-24,3%)

46-55 years old [11.5%)

TIDER EXFERIENCE T-Tyears [22.3-31.1%)] Priority High
5-10 years (17.227.1%)

>10 years [12.5-28.6%)

List of possible ADAS/IVIS:

Pessible ADASIVIS related with the factor detected

Variables to ke studied in each type of accident (which czn helo o minimize or avoid the accicent)

ke vty R e T —
Duver pivyalesl sinh ADAB - Hypsighanes sysioe

o A -

Db ADAS -

Dbt aMacion ADAE - Fronial colislonsming (Obsiachs delaciion)
Inappecpsiale spaec m‘m’: et
[P e Ny — e
et rmgalelicn ADAR - Waraing of = despeszim Cirer

Endrarcaial fuciomr mrur e e -

Wahlale sinhn O - L -1 3

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.
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Rural single motorcycle accident on straight
road (motorways and two carriageways roads

excluded).
Characterization:
TasE NaME FUral single MotorcyCle accident on straight road [motorways and owo |
carriage roads excluded)
GoaL 7 - 2.8% Of all crashes
["TYPE OF EGO-VEHICLE [MOPED, || 12.1% [sCO0TEr STYIE]
MOTORCYCLE) 30.3% [sport style)
18.8% (gndurn motorcycle style)
TYPE OF OTHER INVOLVED Wone
VEHICLE
[ACCDENT CAUSES Toss of control (308
Travelling too fast [21.5% [national) - 45-100% (in-depth)] Priority High
Distraction {30%)
Animal or object on carrageway (25%)
Driver behavior or experience [13%[national]-45%(in-depth)]
[ ACCIDENT CHARACTERISTICS
[ EGO NO OF OCCUPANTS &
TYPE OF ROAD Rural
Safety Barrier [6%)
Lane width 6-7m [15%)
Lanes separation and werges [27%)
Flat road (67%) Priority High
[ RELATIVE TRAJECTORIES -

EGO-VEHCLE SPEED = 100 km/ N 21% [Teratare]
40-59 ks h (21,23

60-99 km/h (54.5%) Priority High

[ UTHER VEHICLE SPEED L]
[ TIME TO COLLISION -
[TiMEor THE DAY/ WEATHER || Day/ Oer: 38 9% [n-depth] - 59% natonal] Priomty Fgh |
Day/ Clear: 13.9%
Dawn Clear: 10.6%
Night with artificial luminositysOther: 13.9%
Nightf Clear: 19%
[Fomcomomons || Dry: 55-56% Prionty Hgh
wet 3.5-11%
[(Wsewry | VielDilty problems on 40% of relevant acoidens |
[FneRTveE T8 years (1255

18-25 years [14.4-18.2%)

26-35 years [9.1% [national] & 35.1% {in-depth]]
36-45 years (24,527, 3% Priority High

46-55 years [12-13.5%)

[TaDER ExF EmERCE T year (152, 9]

1-4 vears [16-18%]

5-10 years [12-28%)

10 years [36%) Priority High

List of possible ADAS/IVIS:

Possible ADASAVIS related with the factor detected
{which can help to minimize or avoid the accident)

Variables to be studied in each type of accident

ADAS . Inlernactios supgret
nmi— DV - Vistil iy T e v falbreil
[ i ADAD ]
ADNE
[ ADAS - Hypoadolence sy
Daaar v ADRES - R o
Inegmessriate speed O e ey
R —— e e .
ADRG-Speedaiatiandtenelly ===z |
Bawd nagesieion ADAS - Varaing of & dempesas.auve
Ervirarrmnial Il weslwr AL - il g off k| miuw (hon)
Winhiche sinhm ADAS - Vil ng: off mechasicsl Ml s, iy pressse

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:
TCaseMae | Rural single motorcycle accident on straighk road [only motwrways and |
two carriage roads)
[GoaL 0.3 - Z.7% 07 all crasnes
[TPE OT EGOVERICLE (WOPED, || 32 2% [CTUREr Momreyele Shyle] PrioTity Fgn
MOTORCYCLE) 22.2% [sport style)
11.1% [Sport touring motorcycle styls)
TYPE OF OTHER INVOLVED Naone
VEHICLE
CACODENTCaUsEs | Loss of control [905) Priorily Hign
Travelling too fast [13.%% (national) - 70-1008% (in-depth)]
Distraction [38%)
Disobeved traffic rules (18.1%)
Changing lane [40%]
[ ACCIDENT CHARACTERISTICS -
[ EGOD ND OF OCCUPANTS -
TYPEOF RDAD FADTOrwayS OF PO Carnageways roads
Safety Barrier (67%)
Lane width 6-7m [23%)
Langs separation and verges (67%)
Flat road [78%) Priority High
[ RELATIVE TRAJECTORIES -
[EGO-VEHICLE SFEED > T00 EmM/NZT
40-59 kmv'h (11.1%)
60-99 kmrh [55.6%) Priority High
120150 km/h (22,2%)
=150 km/h [11.1%] [ in -depth)
OTHER VEHITLE SPEED 13

TIHE TO coLusioN B
TIME OF THE DAY/ WEATHER. Day/ Clear: 55.2% Priority High
Day/ Other 37.5% Priority High
Day/ slightrain: 37, 5% Priority High
Dusk/Dawn Clear: 11.4%

Dusk/Dawn Other: 12.5%

Might without artificial luminosity/fog: 12.5%

Night/ Clear: 19.7%

ROAD CONDITIONS Try: o7-%4% Priority g
Wiet 12-33%
Bad weather (80%)
[VisBILTY | Visiblty problems on 40% of relevant accidents |
[FIDER TYPE T&-25 years [1

26-35 years (33 - 37.3%) Priority High
36-45 years (28.8-56%)

46-55 years [13.5%)

[FIDER EXFERIENCE T vears (28 0%
5-10 years [18.6-22%)

>10 years [32.9% [nationall 67% (in-depth]] Priority High

List of possible ADAS/IVIS:

Possible ADASIVIS related with the factor detected
{which can help 1o avoid ]

Variables to be studied in each type of accident

Ipaired ey
[ =T

Lo ol v ko ek b e right

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:
CaseNaME Ruralsingle motorcycle accident on bends [oforways and Two cartiage
roads excluded)
GoAL 5. 7% [national] and 32.9% (n-dept] of all crashes
MOTORCYCLE) 11.8% [ Conventional Street Style)
[ TYPEOF OTHER INVOLVED Hone
VEHICLE
[ACCOENTCAUSES || Loss of control (1003 Priority FIBh

Travelling too fast for the conditions [65.4% [national) - 100% (in-
depth]] Priority High

Distraction (24, 34)

Disobeyed traffic rules (8%

Driver behawiour or experience (7.1%)

[ ACCIDENT CHARACTERISTICS
[EGO NO 0T OCCUPANTS 5
[ TYPEOF ROAD Rural
Safety Barrier (35%)
Lane width 6-7rn (35%)
Lane separation and verges (56%)
Edge marks (55%)
Flat road [44%) Priority High
Uphill [15%)
Downihill [205)
"RELATIVE TRAJECTORIES TeftCurve:

Curve radius <20m [40,3%) Priority High
Curve radius 90, 450 [17.95%]
Right Curve:
Curve radius <30m [18.7%) Priority High
Curve radius 90, 450 (9.1%],
[EGO-VEHICLE SPEED 0-57 Km, g
60-99 km/ h (40%) Priority High
100119 knfh (19.1%)
T

[UTHER VEHICLE SPEED
TIHE TO COLUSION B

[ TIME OF THE DAY/ WEATHER Day/ Other:

Day/Clear: 68.6%[National), 33.1%(In-depth] Priority High

Night/Clear: 12.7% Priority High

FoaD CONDITIONS Dry:
ViSIBILITY TeTbility problerns on 40% of relevant accidents
FIDER TYPE T8 years [14.5-1¢

1
26-35 years [44.6 % national], 23 %[ in-depth]] Priority High
36-45 years (23- 23.2%)
46-55 vears [10.5%)
[FIDER EXPERIENCE <T year
1-4 years (2028 .1%)
5-10years (19.9%)
>10 years [27-32.2%) Priority High

List of possible ADAS/IVIS:

5 e - Possible ADASAVIS related with the factor detected
Cn L S TG I 23 T {which can help to minmize or avad the accident)
[—— [ADAS-emecterouport |

ADAE - Vinbily rnproveest speier (il |
D AnAE
ADS Of arieer ADAS - HYROALEINCE W
|Osverasperiomcss =~ === (ADAS-Hypodglencespeeer |
Dulver Infoaciion ADAR - Fromiall colision wessing: (Obsieris driscfion)
|ADAE-Canminwthwsbenty
INSpRoETinte e ADAS - Acieplaive crubes conteeT
Lo it conieal o i o right RS
ADAR ~ A nlrt arctiorsily
B magolalion ADAS - Viwing of & JNgITUE CUVe
Emdrarrsenial atars waslhar ADAS - disming of e emesiae fmed
Wnhichs slehm ADAZ - \laming of o iy

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:

Uase NaHE

Rural single moforcycle accident on Dends [only motorways and two

carriage roads)

[Goau 0.5-2.1% o all crashes
MOTORCYCLE) 28.6% [ Conventional Street Style)
[ TYPEOF OTHER INVOLVED Tane
VEHICLE
[ACODENTCAUSES || Loss of contral [T00%) Priorty Figh
Travelling too fast for the conditions [58.3% (national] - 100% [in-
depth)] Priority High
Distraction [22.95)
Driver behaviour or experience (75%)
[ ACCIDENT CHARACTERISTICS -
[EGONO OF OCCUPANTS g
[ TYPEOF ROAD Fural
safety Barrier (433
Lane width >7m (57%)
Lanes separation and werges [T1%)
Edge marks [29%)
Flat road (57%) Priority High
Uphill [145)
Downhill [14%)
[ RELATIVE TRAJECTORIES CeffCurve:
Curve radius <%0m [33.7] Priority High

EGO-VEHICLE SPEED - B TIornty
100-113kmy h (28.€2)

120150 km'h [14. %)

UTHER VEHILLE SPEED 1
TIME TO COLLISION &
THE OF THE DAY/ WEATHER. Day/ Other 122 2% Priori

g
Day/ Clear: 60.1%([national), 32, 3% (in-depth] Priority High
Day/Heavy rain: 22% Priority High
Day rslight and heavy wind: 22.23%
NightfClear: 17 5% Priority High
[ FDAD CONDITIONS DRy 7T- Prinrity High
Wwet: 14-29% Priority High

ViSIBILITY T=1bility problerns on 40% of relevant accidents
[FIDER TYPE T5-25 years [15.5-23

=]
26-35 years [42.5 %[ national), 14 %( in-depth)] Priority High
36-45 years [26.5%)
46-55 years [10,5-14%)
5-10years (19.6%)
210 years (14-33.8%)

List of possible ADAS/IVIS:

- I - Possible ADASAVIS related with the factor detected

Variables to be studied in each type of accident e e T e
ADAD i wrecion mupport

Irupai e Vil y ADAR -Vialtiily Ingrcrmrmet: mysiars (e

Dvboar physical sk ~ Hypoaigfierm mysinm

A ereier A5 -Hyswiiarow vvvem
ADan -

Drivar rieacior RIIRIE - Fronksl colletarwermi ng (Ciatacs deteciar) |
A -Speec siert Techanelly

[E——— o Aapaees e ey

Lowm of corem ko o D e —

Band negabetn AL ~Wiairing of & e wren

Emdronmert o unaiher A - afiow

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:

CRFERGE || Tronteide OTDan JOTChon SCoTOerT WAt car,

GOAL TLeraturel, T1.3% (nauonall, T.6& h-deptn] o all acoidents |
[TYPE OF EGO-VEAICLE (MOPED, || otorcycle [

HOTORCYOLE) 27.9% isport styls)

15,3% | Conwentional Street Stvle)
17.1 [Scooter Motorcycle Type)
7.2 iCruiser Motorcycle Type)

[TYPE OF OTHERTRVOLVED Pasenger car [n the majonty]
VEHICLE
[ACCIDET CARES PErcEption Talare UV [96%]

Decision faillure OV (26.6%)

M traffic scan error (25.3%)

OV traffic scan ervor (B0%)

MC loss of control (25,3%)

OV disobeyed give-way or stop-sign or markings (37.1%) Priority High
NG disobeyed trathic rules (62.5%) Priority High
Poor turm or maneuver (40%) Priority High

MG mistakes during overtaking (20%)

MG distraction (23,9%)

ACCIDERT CHARAT TERBTITS FITSt P IVT comtact Rt With The b TorT
Centre front: 26.2%

Right front {3.9%)

Right centre (9%)

Left centre (3%)

[THOND OF OLCOPARTS
[TYFE OF ROAD T-OF T-JUrEEi0n (4.3 % Natiamnal], 26,60 TTeaeptn]]
X or +junction (2.4 % national), 33.3 %[ in-depth)] Priority High
Traffic Light (12%)
Flat road (84.5%) Priority High
Dosennhill (10%)
[RELATIVE TRAJECTORIES Perpendicular,
Motoreyele:
Moving in a straight line with constant speed (60%) Priority High
Aloving in 3 straight line accelerating (12.3%)
Aloving in 3 straight line- throttle off (8%)
Passenaer car:
stopped in tratfic with zero speed (26, /%) Priority High
Moving in a straight ine with constart speed (25.3%) Priority High
Maoving in a straight line braking (10.7%)
Aloving in 3 straight line accelerating (3.3%)
Arales of trajectories!
TE0-90° (19,8%) Priority High
212- 1052 (9%)
1L10-145" (9%)
226°-240° (9%)
2660-270° (11.7%)
FEGO-VEAILE SPEED HORmIT 22, 58T
A0-59 kmth (48,9%) Priority High
60-22 km/h (25,2%)

(UTHER VERKLE SPEED Tp to o0 Km/Tv [(Nteratare]
[ TIME TO COLLISTR -
TTTMEDT THE DAY/ WEATHER Day7clear (57, -8, 7&] Prionty Figh
Dayffog (15.8%)
Day/slight rain (15.8%)
Day/slight wind (29.8%)
Dusk-Dawn/ clear (14.6%)
Night with artificial luminosity/Clear (10, 5%)
Mighticlear (14, /%)
ROAD CONDITIONS Uy 55935 Prionty Figh
Wet: 7-14%
[YEELITY TEETy OESErOGTIon
RIDER TYPE To-20 years (152l

T
26-35 years (22-34.3%) Priority High
36-45 wears (21-24.2%)

d6-55 years (11-11.4%)

RIDER EXERENCE T EarE 1325 395 Prionty Igh
5-10 years (16.8-22%)

#10 years [29.8-32%)

Example of ADAS/IVIS working:

Variables t be studied in each fype of accident | Possible ADASIVIS related with the factor detected
{which can help to minimize or avoid the accident)

Light el jnightixyighl) ADAS - Night vislen

Riar manasuss

| g priste spand

TPt nireestan (smesmad, T orY e

Intewction pegukste] by

Aloht of v vickelien

Poorar Inoormect meckdance ooliian r—

siraiegptection =t

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 90° 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:
CASEAE Front-s1de rural JUNCUIon acCIdert With passenger car Imotorways and |
twio carrage roads excluded).
MGOAC TOLEratare], U.7-F, (% Of all acoidents
[TYPE OF FGO-VEHICLE (MOPED, || 10,05 (Sport ctyle]
MOTORCYOLE) 15.3% [ Conventional Street Stwle)

17.3% [Cruiser Matorcycle Type)
17.2% (Sport touring motorcycle type)
[ TYPEOF OHERIMWOLYED || Passehiger car

VEHKLE
[ATCINERTCADSES | Perception fallure OV [7053]
OV traffic scan error (90%)
Loss of contral (15%)

OY disobeyed give-way or stop-sign or markings (33-50%)
MC discheyed traffic rules (86.8%) Priority High

Poor turm or maneuver (50%]

ML risk action/BERaaur (U] Priority High

MC distraction {20.4%)

Motarcyele is travelling too fast for the conditions (20%)
[ACCIDEN T CHARAC TERISTICY FIF3t P IWW CORTact PO With the b car,

Centre front (51.7%)

Right centre (6.9%)

Left centre [13.8%)

[0 HO OF OCCOFARTS.
[ TYPE OF ROAD Fural Junctions

T ar Y-junction [61.4 % nationall, 27 6% lin-depthi] Priority High
¥ or +junction [24.2 %{ nationall, 48.3 %( in-depthi]

Roundsbout (8.8%)

Traffic Light [13.8%)

Yield sign (3.4-8,2%)

Stop sign (44.6%) Priority High

Flat road (75.9%) Priority High

Downhill (10.3%)

[ RECATIVE TRAJECTORIES I Ter
Mowing i a straight line with constant speed (80%) Priority
High

Moving in a straight line accelerating (5%)
Moving in a straight ne-braking (5%)
Passing maneuwer-passing on right (5%
Megotiation a bend-constant speed [4%)
Passenger car:
Stopped in traffic with zero speed (35%)
Mowing in a straight ine with constant spesd (10%)
Moving in a straight ine-throttle off (10%)
Moving in a straight ine-accelerating (10%)
Turning left-accelerating
Angles of trajectaries:
0750 (10.2%)
91%-105° (20, 7%)
1062120 (24.1%)
121°-135° (13.8%)
2267-240° (10.3%)
FEG0-VEATILE SPEED ClioRa Th Ayl
&0-9% km/h [65.5%) Priority High

[UTHERVERKLE LD =

[ TTHE T0 COLLI0R -
Day/other (14.7%)
Day/fog (15.8%)
Day/slight wind [11.8%)
Dusk-Dawn/clear (15.9%)
Might/clear {15.1%)

[ROAD CORDITIONS Ty P0-75% Priority Figh
Wet: 4-10%

[VBELITY

[TIDER TYPE B

T
1825 years (14832 %)
26-35 years [18-38.9%) Priority High
36-45 years (23.9-27%)
4655 years [12.2-14%)
[FI0ER EXERINLE Fyears TTER]
14 years (30.9-32%)
510 years (3-17.9%]
»10 years (32-32.4¥] Priority High

List of possible ADAS/IVIS:

Variables to be studied in each type of accident Passible ADASAVIS related with the factor detected
which can help to minamize or avoid the accdent)

YR —— i
b ADAS - Blired Spot delection
Ineprao paad ARG Aayaies OTuiPE S
ADAR _iniorescion
Typrof leraaclicn fwcmwond, T or Yjndtiry | W8 nd roui
- 'y [
ADAS-|
Ininrsection s by VI - Harigationl med rouls Ui
| Regrhe ADAR.
s-
L ] ACAS - NEBreectien ssmact
Focwr o insorrack wenkdesos aol ks ADAS !

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 90° 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:
[CASE NAHME Rear-end accidents in urban non-juncbiore with cars
GOAL TO% [along With 40] [Uterature]

2-2.6% of all motorcycle accidents

~TYFE OF EGD-VEAILE (MOPED, || 7.7% Sport sois]
MOTORCYLE) 41.9% (Scooter Motorcyele Type) Priority High

6.5% (Touring Motorcycle Type)

FaEzenger Gar

VEHILE
TATCIDERTCARES || Mlega! owertamng of the naer [05]
Too-short distance from wehicle ahead (17%)
M driving tan close {50%) Priority High

MC perception failure (50%) Priority High

WG traffic scan error (60%) Priority High
MG unsafe act (70%) Priority High

UV perception failure [4U3)

Poor tum or maneuver [30%)

I distraction (454

INC disobeyed traffic rules (35.6%)

[ATCIDENT CHARAL TERISTICS

[EGO NO OF OCCOPARTS =

"TYPE OF ROAD TOrban non Joncton
Flat road (84%) Priority High
Dowairhill (9,75
Uphill (6.5%)

RECATIVE TRAJEC TORIES E

Moving in a straight line (29%)
Passenger car:

Moving in a straight line (16, 1%)
[EGO-VERILLE SPEED AT R 125.85]

40-59 km/h (23%) Priority High
60-99 km/h [25.8%)

TIMEOT THE DAY WEATHER || Daw/ Clgar, UEAELELS - dEp! TorT
Day/other (36.1%)

Dusk-Dawn/clear (13%)
Dusk-Dawn/other (5.6%)

Night/clear [16%)

[ RO AD CONDITIONS et T TE:

Dry: 84-89% Priority High

TEELTY [ Restroied wobThy T O% o7 The caten,
[RIDER TYPE T8 years [17.9%]

18-25 wears [17-19.4%)

26-35 years (19.4-34%)

36-45 years (24%) Priority High

46-55 wears (11%)

5665 years (12.9%)

TRIBER EXF ERERCE TTyEar 1Z.9%]

1-4 years (29-29 2%) Priority High
5-10 years (17.2-22.6%)

10 years (12,9-29%)

List of possible ADAS/IVIS:

Variables to be studied in each type of | Possible ADASIIVIS related with the factor detected
i [which can help to minimize or avoid fhe accident)

Wil My lenpsinat {alee) u?' 2
urwelion ACAS- Froste comsien s
ADAS - Spead dlart ncloneliy
Irmpproyiakn mpaad AOAS - Auiaplalive creles oonird
NS - Wi, iralfle and biack spol wening
B candiian VI - Navigaiousl n rouln gildencs
AOAE- i
m“"“’-"‘“‘ s callichn AMOAS - Frombal collisier wersing {Owiec » delnclios]

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:
TASE NANE RESF-ENg acCIgents 1N Pral non-JUNCore Wit Gars [motoruws ang T
carriage roads excluded)
GOAL TO% 2 long With Ja] [Oteraturs], U.6-1.0% of all motorcycle scoidents |
[TYPE OF EGD-VEHILLE (MOPED, otorcycle [L3]
MOTORCYOLE) 57.1% isport style) Priority High
14.3% (Enduro Motorcycle Type)
[ TYPE OF OTHERIRVOLVED Passenger car
WEHICLE

[ACCIDENTCADSES || [0B2al Owertaking of the noer 8]

Too-shart distance from vehicle ahead (17%]

ACCIDET CRARRCTERBTICS [ /L. Orwing t00 Cos & [66%] Prionty High

MC errar during overtaking maneuver (50%)

Motarcycle is travelling toa fast for the conditions [10.2% (national),
50% (in-depth)]

Shppery road surface (50%)

MC distraction {46, 1%)

M disoheyved trathc rules (46, /%)

[EGO HO OF DCCUPANTS. 2
"TYPE OF ROAD FLOral Non JUnCEIon [Motorways and two Carrageways roak excluded] |
Flat road (43%) Priority High
Downhill (28.6%)
Uphill {14, 3%)
[RELATIVE TRAJECTORIES Motorcycle:
Moving in a straight ine (14.3%)
TEGO-VEAICLE SPEED 057 KmiT (18 35 ]
£0-99 km/h (28 6%) Priority High
100-11% km/h (14.3%)
120-150 km/h (14.3%)
[UTHER VEHICLE PEED -
TIME TO COLLTSOR =
TTINEOT TREDAY] WEATER || U257 Clear (57 00%  Prioriy Than
Day/other (14%)
Day/ fog (14%)
Dusk-Dawn/clear (14%)
Dusk-Dawwn/other (14%)
Nightfclear [15%)
ROAD CORDITIONS Ty 86-73% Prionty High
Wiet: 6143
[YBELTTY || nestroted weiointy in REEFStUrE] arn TF ThE Cases
RIDER. TYPE To-23 vears (15 1-278]

26-35 vears (29-26.5%) Priority High
645 years (23.1-29%)
45-559 wvears [13.2%)
RIDFR EF FRENCE T2 yeats |13 20.95%]
5-10 wears (14.3-19.4%)
=10 years (28.5-30.9%) Priority High

List of possible ADAS/IVIS:

Variables to be studied in each type of = Possible ADASIIVIS related with the factor detected

accident {which can help to minimize or avoid the accidenf)
ADAS:-
Vikily irnpuzirt (rowlec) TVIE - Wesiher, iralfia amt bk spot wamirn
ADAS - Fronwl colliiow waming [Obsmels dotoction)
Cletroliors A - Aduphaires cruses carivd
ADAS - Spec] siert funclioraily
imprroprizie speed ADNG - Adaptaiive ol oorisl
VIS - Woather, Trailic: and bieck apol waming
Bafieow coreiion IVIE - Rendgativwsl ard roule guidamos
ADAS - Wamiag of oW [Dmponcue MosD
FROror inlon Bl d
rengyiacth ADAS - Fronisl eollision

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:

CRERRE | Resrend scodents 1 rursT ToneIunciiore with Cars Tory motormays |
and two carrisge roads)

GO | 10%, U.2-0%% of ol motoroycle scoidents ore with 48] |

3 . Vi
MOTORCYCLE) 33.3% (Scooter Motorcycle Type)

[TYPEOT OTHERTNVOLVED Fesenger car
VEHICLE
g
Too-short distance from wehicle shead (17%)
OV traffic scan error (33%) o
MC error dUring overtaking maneuver (33%)
OV ervor during overtaking mal (33%)
Matoreycle is travelling too fast for the conditions [B¥{national), 66%
(in-depth)] Priarity High
MC distraction (45%)
MC disobeyed traffic rules (47.8%)
[ACCIDEN T CHARAL TERISTICS
[EGONO OF OCCUPANTS

[TYPEOF ROAD || /Votorways of two cormegeways rosas, Foat (s |

[EGO-VERICLE SPEED W57 KmiT [33.95]
60-99 km/h (33.3%)
120-150 km/h (33.3%)

TOTHER VEHICLE 5P EED
[ TIMETO COLLISION =
[TIHEOF THE DAY WEATHER || Day/ Clear [33.3-95. 18] Priority High

Dusk-Dawin/ clear (14.3%)
Night/clear (17.2%)

(ROAD CONDITIONS Dryio7-74% Priority Figh
Submerge-flooded: 33%

YBBLTY || Restncted ooty n 9% of the cases. |
[FRIDER TYPE <TG years (33, 9%)

18-25 years (13.1%)

26-35 years (39%) Priority High
36-45 years (30.1-33.3%)

46-55 years (12,.2-33.3%)

[TIDER EX ENENCE TTyear 139,957

1-4 years (32.2-33.3%) Priority High
5-10 years (16.9%)

»10 years (33.3-33.7%) Priority High

List of possible ADAS/IVIS:

Variables to be studied in each type of = Possible ADAS/IVIS related with the factor detected

accident {which can help to minimize or avoid the accident)
ADAS -

‘Vickiity pained [moloo) =

Distmciion

InmpyrorTisie speart

Surfaos condiios

Pocr or Inconmet swoicence colieion

| SrABGaCtIon

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:
CASE THE Topeds sIngle Urban accident (NCWding Fun-offs, Folover on the
carriageay and collisions with road restraint systems),
GOAL 4. T-B. 5% O all accidens
[TYPE OF FGO-VEHILLE (MOPED, || Moped ILTT
MOTORCYOLE) 55.4% (Scooter style] Priority High
7.1% (Step-through style moped)
[TYFE OF OTHER TRVOLVED e
VEHICLE
ACCIDEAT CARES T quate speed 10 U &8 @ COMRnDUing factor Priority Aigh |
Rider behaviour or experience (45%)
Rider's lack of attention (35%)
MC travelling too fast for the conditions (38%)
MC loss of control (85%) Priority High
JAC distraction (32%)
Hoad ervironment (14, /%)
Wehicle defect (1,7%)
MC disobeyed traffic rules (8.2%)
[ ACTIDENT CHARAT TERIBTICS
[EGO RO OF DCCUPANTS 2
[TYPE OF ROAD Troan
Flat (62.5%) Priority High
Uphill (17, 3%)
Dosienhill (14.3%)
[ RELATIVE TRAJECTORIES -
[TGO-VEAICLE SPEED TR 20 08]
40-59 km/h (67.9%) Priority High
[UTHER VEHKLE SPEED H
[ TIHE TO COLLTR0N -
[TIHEOT THE DAT7 WEATHER || Uawr Clegar [0, Tatianal; T-gep Ton
Day/other (32.3%)
Day/slight wind (4.6%)
Dusk-Dawn/clear {10,5%)
Mightfclear [16%)
Night without artificial luminosity/Other (10.8%)
Might/Clear (24, /%)
TROAD CONDTTIONS OFyi 7375 B Friority Theh
Wet: 8.9-17%
[VBELTTY TETENNTy wias 8 DPODIEMm 1M 20 of TelBvart scoidents, most related to |
terrain profile (15%),
RIBERTYFE TTE vEars [, 32 0%]
18-25 vears [29-27%) Priority High
26-35 vears (8.9-23%)
36-45 vears (12-12.5%)
46-59 vears [5.4-6%)
[RIDER L ERBNCE ST yesr [TX.3-25%]
1-4 years (24-32.1%) Priority High
5-10 years (5.4-8%)
10 years (8-17.9%)

List of possible ADAS/IVIS:

Variables to be studied in each type of | Possible lated with the factor
accident to minimize ar awvaid the accidel
YiEANy Impoires friroin profic) TVIE - Vbaher, el At blsclt

(Oriewr Inaparisme ADAR - Rt chupsrts rw searnl ng wyslenr

I ppepriabe v MDA - crulse conisol

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:

CASETUHE Mopeds sINZIE Fural scoTdent Including runroffs, rolover on the
carriageway and collistons with road restraint systems) (motorways and
two carrage roads excluded).

GOAL 3. 1% of all crashes

: T, |[Moped IL1T

MOTORCYOLE) 46,2 % (Scooter motorcycle style moped) Priority High
30,8% (Step-through style moped)

VEHICLE

[ACCIDENTCAOSES | Froplem related to Dad foad conagimion [90-o/%] Priony figh |
Travelling too fast for the conditions (19.8-50%) Priority High
MC distraction (57.3%)
Road environment (6. 3%)
MC disobeved traffic rules (7.7%)
[ACCIDENT CHARAL TERISTICS B
[ EG0 HO OF OCCUPAHTS
[ TYPE OF ROAD Fural
Flat (38.5%) Priority High
Uphill (23, 1)
Dbl (23,1%)
RECATIVE TRAJEC TORIES -
TGO-VERTCLE SPEED i T k)
40-5% km/h (46.2%) Priority High
[UTHER VEHILLE 5F EED =
[ TIME TO COLLTSION -
TTIMEDF THE DAY, WEATHER Tay7 Claar [@7%] Prionty Figh
Day/Sather (13.3%)
Dusk-Dawn/clear (7.6%)
Dusk-Dawn/fother (13.3%)
Might/clear (33.2%)
Might without artificial luminosity/Clear (13.3%)
Might without artiticial luminosity/Other [20%)
Might/Clear (28.7%)
ROAD CONDTTIONT Ty 76 - 51% Prioriy Migh
Wet: 123%
lee:7. 7%
ud: 7.7%
Qili7.7%
TVEELTY Festncted wis 1Dty 1n 20% of The cases,
TRIDER TTPE T8 yearE 1208 Prionty Thah
18-25 years (23.1%) Priority High
26-35 years [17.4-23.1%)
36-45 years (7.7-12.9%)
2655 years (7.9-15,4%)
FIDER EXP ERIENCE T-F Wears |23, I- 2o 1 %] Priority Hign
B-10 years (7.7-9.6%)
10 years [17.8-23.1%)

List of possible ADAS/IVIS:

Variables to be studied in each type of | Possible ADASIAVIS related with the factor detected
accident (which can help to minimize of zvoid the accident)
WiakiHy Impairact (et pucfie) AOAE - Waring of e orve
el Tt - \Ninathar, trefli sl binch spol weming
Divorincaporioncss | AOAS-RoacdepUowaringeeonm °Z°Z0 |
[AQAS - Speecslwrtfnchionilly |
INeppmETisks sphact ﬁ shart fur =y

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:

TYPE OF EGO- VENKLE (MOPED,

MOTORCYCLE)

TASE HAME UTDan Tront-51de SCCI0ents of Mopeds With Cars.
[GOAL TZ.7-13.2% OF all acCidents

(Woped (L1
67.6 % (Scooter motorcycle style moped) Priority High
19.4% (Step-through style moped)

TYPL OF OTHLR MV OLVED
VEHICLE

Passenger car

[ACCIDENT CAWSES

ACCIDENT CHARACTIRE TICS

TG CrSITIC Sean Brror 120,670
OV traffic scan error (33.3-66%) Priority High
MC wiew obstruction (27.8%)
OV wiew obstruction (36%)
MC careless, reckless or in a hurry (45.9%)
OV careless, reckless or in a hurry {40.1%)
MC disobeyed traffic rules (65.6%)
OV disobeyed give-way or stop-sign or markings (33.3-62.5%) Priority
High
Paar turn or maneuver (18.7%)
MC distraction (21.4%)
Motorcycle  is trawelling  too  fast  for  the
[3.8{national), 16.3%{in-depth)]
TIOT Ly VIOLIoN Of Lrattic h TioTiy Hig
Violation of stop sign (24%) Priority High
Violation of yield sign (19%)
no sign (22%).
First PTW contact point with the pessenger car:

conditions

Centre front: 30.2%

Right front 10.1%

Right centre 9.4%

Top centre 14.4%
Undercarriage front 19.4%

EGO 10 OF OCCUPARTS

TYPE OF FOAD

Tor 7-Junction [8.4 %[ nationan, 25,9% (in-geptn)]
¥ or +junction [17.3 %( national), 46,8 %( in-depth) Priority High
Traffic Light [6.1%(national ), 29.5% (inOdepth)
Yield sign (6.3%)
Stop sign {4.2X)
Warning junction sign (47.5%) Priority High
None (application of general priority norm) {34.5%)
Flat road (84.2%)
PEIDENaICUIaT OF COMVETENg.
Motoreycle:
Mormal driving [on a straight section or on a curve section)
(80.6%) Priority High
Passenger Car!
Mormal driving (on a straight section or on a curve section)
(49.6%) Priority High
Turning left at an intersection (25.9%)
Turning right at an intersection (7.9%)
Angles of trajectories:
600-75° (25.9%) Priority High
750-900 (7,2%)
3101050 {11.5%)
106%-120° (5.8%)
226%-240° (5.8%)
2660-2500 (12.9%)
2710-285° (10.8%)

EGO-VERICLE SPEED

AR (56.6%] PRIGRTy High
4D-59km/h (40.3%)

THER VEHILE SPEED

TIME 10 COLLEION
TME OF THE DAY/ WEATHER

DAy clear 26, /-51.4%] Priormy High
Day fother (23.1%)

Day fSlight wind (11,3%)

Day Heawy wind {13, 3%)

Dusk-Dawn /Clear {13.4%)

Might fclear (23, 1%)

[ROAD ConDImions TTy: B70% FIIOTRy Thgn
Viret: 5-95
[VEBIITY
[FIDER TYPE =T years [, 4% (Natioral, 35, 5% [n-aeptni]

18-25 years (13-27%) Priority High
26-35 wears (5-18%)
36-45 wears (5-8%)

FIDER EXPERIENCE

=Tyear [F.2%]
1-4 wears (20.1-27.9%) Priority High
5-10 years (6.7%)

=10 years (66,5%)

List of possible

ADAS/IVIS:

Variables to be studied in each type of = Possible ADAS/IVIS related with the factor detected
accident {which can help to minimize or avoid the accident)
oonclion ADAS - Adnpietive Bght coninol
Visidly Impaat ALK — Inlmrssation suppott
Typa o rarvecten L B e e —
| ADWS - Inewweclionwuppott =0 |
Py e o
RIghE of weay wiiation ADNT - INBmeion SUpEoit
Ortwar Infimntion e - Frontsl
Podrar InGaimeadt Ermrdad
- ADAS - .
Example of ADAS/IVIS working:

If the suppo

rt system is on: A moped is

approaching an urban “X” or “+’ junction type. The

moped is movi

ng on an inferior road. A passenger

car is approaching the same junction at 90°
relatively to the moped. The moped does not obey

the give prior

ity sign and does not brake. The

“Intersection Support” system warns the rider to

reduce speed.
averted, if the

The possible accident may be
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:
[CASEMAME | FOralfront-310e accidents of Mopeds WIth cars (Motorkays and twa |
carriage roads excluded),
[ GOAL T.7-4. 7% 0f all crashes
TPt OT TGO-VENKLE (MOPED, || Moped 1017
MOTORCYCLE) 50 % (Sconter motorcycle style moped) Priority High
358,74 [Step-through style moped)
TPE OF OTHER INVOLVED Fassengat car
VEHICLE
[ACCIDERT CAISES OV LFaTTIC 3Can S rrar 164, 55]

MC view obstruction(27 . 2-33.3%)

QW wisw ohstruction (36.6%)

MC careless, reckless ar ina hurry (36.3%)

OV careless, reckless or in a hurry (45, 52%)

MC dizobeyed traffic rules [33.9% (national), 33.3% (in-depth)] Priority
High

OV disobeyed give-way or stop-sign or markings (33.3%)
HC lack of attention (65%)
WC distraction (20%)
ACCIDENT CHARACTERBTICS || TMOL ODEYINZ LIATTIC SIgns Nacaniong (o]
Abzent-minded driving (&%)
Overkaking ilegalty (5%)
First PTW contact point with the passenger car:
centre frant: 35.7%
Right front 14.3%
Left centre 14.3%
Top centre 14, 3%

[EGO 1O OF OCCURARTS, B
TYPE OF FDAD TOf T-JUncoion [20.7 %l natonal], 5% [n-gepth)] Priory digh |
¥ or +junction (12.59-28.6%)
Roundabout (5,6-7,1%)
Traffic Light [z8%{national)
7. 1% (in-depth)
“Yield sign (5.8%)
Stop sign (19.9-28.6%)
Maone {application of general priority narm) [14.9 % national], 57.1%
(in-depth)]
‘Warning junction signs (42, 9%)
Flat road (71.4%)

Uphill (7. 1%)
RELATIVE TRAJECTORES PEFRENdICUTar OF COMVETZig,
Modorocter

Mormal driving {on & straight section or on & curve section)
(71.4%) Priority High
Crossing the intersection straight ahead (14.3%)
Passenger Car:
Mormal driving {on a straight section or on a curve section)
(71.4%) Priority High
Turning Ieft at an intersection (38.65%)
Turning right at an intersection (14,3%)
Angles of trajectories:
450800 (7.1%)
B0°-752 (7, 1%)
FEOG07 (14, 3%)
191052 (14.3%)
10691200 (7, 1%)
2260-2400 (7. 1%)
2412580 (7.1%)
2569%-250° (21,4%)
2B6°-3000 (7. 1%)
[EGO-VENKLE SPEED =T (32 55T
A0-59km /b (57, 1%) Priority High

[OTHER VEHICLE SPEED
[ THE TO COLLEION 5
[ THHE OF THE DAY WEATHIR Daw rclear (53, 7% (natwonal], 19.9% (n-de pth)] Priority High
Day fother (25%)

Dusk-DawnClear (11.9%)

DawnfCther (12, 5%)

Might /clear [21,2%)

Might with artificial luminosity /Clear (12,5%)

Might without artificial luminosity fClear (12.5%)

[TOAD ConDmons Dry: J0-92% Prioriy Figh
et 9%
Mud: 7.1%

[VeBIITY

[FaDLR TYPe <18 years [19.0% Mationall, 31, 7% (redepthy]

18-3F years [32.3% (national), 7.1% (in-depth)] Priority High
7635 years (15.4%), 36-45 years (9.9%)

46-56 years (5.6%)

65 years (9,4%)

[TUDIR EXPERIERCE T-Ayears (2T, 4-27, 35] Priorty Than

=10 years (7.1-13.2%)

List of possible ADAS/IVIS:

Variables to be studied in each type of | Possible ADASAVIS related with the factor detected
ident

acci {which can help to minimize or avoid the accident)
ADAS - corkrel
Wiy Imymiract ADAE _ Insraantion sppt
Typeof ninrvectien -Im
| ADAS - Inleveechorrmpgent 0000
Priorty regp doled by G- Faovgalons: ant e pidincs
Faght cifwesy vialshian ADAE - Inemantion suppert
Db infractisn MOAE: - Frovisl owlision weming (Cbabeols dwisclion
Poar or Incormst swoldenos anllals Bk
| iy AGAS - Frarend

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 90° 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:

Tt HANE HEad-on accidents 11 Urban areas, DETWEen MOpEds and Passengel cars,
[GOAL | Z7%0f the moped acoide s (along with /B, Z.5-Z. 5% 07 all accdents |
[TYPE OF EGO-VERKLE (MOPED, || 45.5 7 [SC00TeT MOToTeycle style moped) Priomiy /igh—————— |

MOTORCYCLE) 33.3% (Step-through style moped)

[ TYPE OF OTHER IMVOLVED Fassenger car

VEHICLE

[ ACCIDENT CAUSES TV EraTnG scan error (15 )

MC view obstruction (69%)

MG careless, reckless or in & hurry (76%) Priority High
MC disobeyed give-way or stop-sign ar markings (15%)
MC dizobeyed traffic nles (54.1%)

O poor turn o maneuver (30%)

MC wrong choice ot lane 1615

OV wrong choice of lang (61%)

MG distraction [33.7%)

Motoreyole is trawvelling too fast for the conditions (10.7%)
(ACODENT CHARACTERBTICS | FOeT ENtenng The oppos e ane T 7
Abzent-minded driving (9%)

Driving in a forbidden direction (6%)

Overtaking illegally (4%)

[EGO PO OF OCCUPARTE 5

TYPL OF RDAD TG Jonction [21.2-97 %] Priorny Heh

T or Y-junction (9, 1%)

¥ or +junction (6%)

Traffic Light {3-2.8%)

“Yield sign (7 .4%)

Stop sign {8, 1%)

Maone {application of general prigrity norm) (12.1-21,2%)
Flat road i(60.6%) Priority High

Uphill {12.1%)
Downhill (27.3%)
TELANIVE TRAJLC TORIES T Tele,

Mormal driving (on a straight section or on & curve section) {21,3%)
Passenger Car!

Mormal driving (on & straight section or on a curve section) (21.2%)
ZA0RmIT (57,00 PTIONty HIgh
A0-53km/h 133, 3%)

EGO-VERICLE SPLED

[OTHER VEHKCLE SPEED
TIE 10 COLLBIOR 5
[[THE OF THE DAY WEATHER || Doy olear g onal], \REED] TIOTIY HI:
Day fother {35%) Priority High
Day felight rain (11%)
Dusk-DamnClear (14,8%)
Might iclear (23.9%)
Might with artificial luminosity (15%)
[TOAD CONIIIONE D7y 7.5 567 Priory Figh
iet: 9.1-13%
Submerged-flooded: 12,1%
[Vesiomr | wvisibinty problens 0 4%,
(TGDER TYPE 1T years [J2-aATR] Prioriy Mg

18-25 years [34-33%) Prior
26-35 vears (3-163%)

36-45 wears (§-12%)

FGOER EXPERIEACE TTyEar (20%]

1-dyears (37-36%) Priority High
5-10 years (5-12%)

=10 years (5-20%)

List of possible ADAS/IVIS:

igh

‘Variables to be studied in each type of | Possible ADASIIVIS related with the factor detected
accident {which can help to minimize or avoid the accident)
Typa of INeoantan w-ln—ﬂm
ADAS - ofa -, ]
Band nugetiston TVIE.- Fowigetianal and rovke quit
[ p— AR Syt slewt funclzsslily
Light conditian ADAS - control
VREIRY Impaied ADAS _ |mmscion suppa.
Oriver Infraciar miﬁuﬁ collwlor waml
Poor or incorvect swoicescs colisicorr ADAR - Fronk PrarEr—
ADAS - bt
Oriser'sager = —r

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:

[CASERAME  |[FEad-on accidents 0 rural areas, between mopeds and passenger cars |
Imotorways and two carriage roads excluded ).
[GOAL T (ICeTatiTe], 0. 8-0, 7% of TS MOped acciients [aong min 7a), |
[[TY¥PE OF ECO-VERKLE (MOPED, || 90 % [soO0Ter MOTOTCYGIe style moped] Prioriy High |
MOTORCYCLE) 20% (Step-through style moped)
T¥PE OF OTHER INVOLVED Pascengat car
VEHICLE
[ACCIDERT CAISES T pETCeptIan TaTre [T00%)

MG wieww Dhstruction (B0%)
OV wiew obstruction (50%)

OV not driving on the right side of the road (100%)

OV disobeyed give-away or stop-sign or marks (50%)

WG disobeyed traffic rules (66.2%) Priority High

M distraction (23%)

Mhotorcycle is travelling too fast for the conditions (10,7%)
[ ACCIDENT CHARACTERBTICS Fider entering the opposite lane (107%) Priority High
absent-minded driving (3%)

Driving in a forbidden direction (63)

Omwertaking ilegally (42)

[EGO RO OF OCCUPANRTS
TFE OF FOAD TG Junetion [70.9% (hatonal, Th-aep TIOTy HI
ield sign (25

Stop sign (10.9%)

Mone {application of general priority norm) (11.4%)
Flat road (50%)
Downhill (25%)

[FELATIVE TRAJEC TORLS LA
Mormal driwing {on a straight section or on a curve section)
(20%), Owertaking on the Isft prior to the intersection (30%)
Passenger Car:
Mormal driving (on a straight section or on a curve section)
(40%)
[EEG-VENKLE SPEED TR 1A0%)

40-59 km/h (40%)] Priority High
60-99 kmh (20%)

[OTHER VEMKCLE SPEED
[ THE TO COLLEIOR 5
[THE OF THE DAYFWEATRER. || Day/Clear (@9 0% [namenal, 16, 7% [-aeptn)]

Dusk,, Dawn /Clear {9.75)

Might {without artificial luminosity)Heawy wind (16, 7%)

Might fwithout artificial luminasity)/Clear (16.7%)

Might (without artificial luminosity)fOther (50%) Priority High
Might /Clear (27,2%)

[TDAD CONDIIONE Ty o0 56T PTIoTy Figh

wet: 11-20%

[VEEBILTY TSIy ProDIEms 1 205,

[FaDER T¥PE <18 years (2547, 5%

2635 years [23,3-26%) Priority High

36-415 years [12.5-25%)
46-55 years (7.7-25%)

[TDER BXPERENMCE || T years 9.1
»10 years [3.9-25%)

Tiory Hi;

List of possible ADAS/IVIS:

‘Variables to be studied in each type of = Possible ADASAVIS related with the factor detected

accident {which can help to minimize or avoid the accident)
Typwolfimbwrsechion mm_'““'""_‘m
MDA - Weanihg of & desgenows cure |
Bend negoliation A5~ Flrigaticmal med rouks Qi
apEETRaS spaa ALLAD - Bt siar] Raveicmally
Lighet camtia ADAR - Alugtalive Rohi. cantrl
aikilly Impelred AAS - ndarzaetion
iver v m:n-uu- i »
——— sk AIAE - Fremist
ADAS s
Orbesr's ngm G - Wouler, brnfic amd black spot warml

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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