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Abstract — The synergy between communication technologies
and vehicles offer a priceless opportunity to improve assistance to
people injured in automotive accidents, providing information
about the incident to reduce the response time of emergency
services. The new communication technologies integrated into the
aulomotive sector offer an opportunity for belter assistance (o
people injured in traffic accidents, reducing the response time of
emergency services, and increasing the information they have
about the incident. Therefore, we need a fast and elficient rescue
operation after a trafMic aceident ocewrs which can significanily
increases the probability of survival of the injured, and reduces
ihe severity of the inmjury. This paper briefs about the
technologies that are useful in detecting a voad accident that
makes wse of a novel intelligent system  which is able (o
automatically detect the road accidents, notifv them through
vehicular networks, and estimate the severity of the accident with
the help of data mining and knowledge inference.

L.

During the last decades, the total number of vehicles
around the world has experienced a remarkable growth,
increasing wraffic density and causing more and more raffic
accidents. The immediate effect of this situation is the dramatic
imcrease of traffic accidents on the road. representing a serious
problem i most countries. Numerous efforts have been
undertaken by automobile manufacturers to reduce road
casualties, mainly focused on both active and passive safety
systems. These imitiatives have managed to increase traffic
safety, achieving a reasonable reduction of road deaths,
However accidents still oceur and determining the aceuracy of
the required human and material resources for each particular
accident could significantly reduce the number of victims as
well as the impact of severity of such accidents,

To reduce the number of road fatalities, wehicular
nerworks  play  an mereasing  rvole o the  Intelligent
Transportation Svstems (I'TS) area.Muoch of the research in
ITS assume that vehicles will be able to communicate speed
and location data to roadway infrastructure and to other
vehicles. Two primary architectures have been proposed for
these purposes — a vehicle-to-infrastructure (V21) architecture
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and a vehicle-to-vehicle (V2V) architecture which is discussed
in the second section of this paper.

When 2 motor vehicle crash oceurs with a potential
for injuries, a notification of the event and the location of the
crash are critical so that rescue can be dispatched o the scene.
It iz also helpful for emergency dispatch to recognize the
severity of the collision and the extent of injuries so that they
can adequately assign personnel and specialized cquipment as
needed. An Automatic Crash Notification {ACN) technology
[17 mutiates this eritical call for help.

For a noticcable reduction in assistance time. two
major steps must be taken: {i) fast and accurate accident
reporting to an appropriate Public Safety Answering Poing
(PSAP), and (n) fast and efficient evacuation of ovcupants
trapped inside a vehicle, The first of these objectives can be
accomplished using  telecommunication  technologies  and
systems that have been recently incorporated into  the
automotive world, where mobile communications and GPS
systems are the main representatives,

Presently, the process for reporting car accidents is
extremely slow, The accident first needs to be physically
reported and then anmounced wia a radio broadeast or a
portable GPS |2] unit before a driver 15 alerted. In this paper.
we take an advantage of the use of the vehicular networks, to
collect precise information about the road accidents which is
then used to estimare the severity of the acadent. Fig, 2 show
how the use of VANETS [3] for this process will allow drivers
within a certain range of the accident to immediately receive
an aglert that could prevent them from crashing as well,
Additionally, the driver may choose to take an altermate route;
which may result in traffic avordance.

IL. VEHICULAR NETWORKS

A. Basic V2V2I Avclitecture
The V21 architecture allows vehicles to communicate

with some roadway infrastructure to allow the speed and
lecation of the vehicle to be ransmitted to a central server,
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This server will maintain the speed and location of all vehicles
and will aggregate this data for Intelligent Transportation
Systems (ITS) applications, such as determining the fastest
path from a vehicle's current location 1o its destinalion or
identifying the loecation of an incident. among other
applications. The V2V architeciure, on the other hand, is quite
fault-tolerant because of the highly-distributed nature of the
nelwork, As vehicles come ino the network, they become
nodes that communicare with other vehicles thar are close in
proximity to them.

The new architecture is a hybrid of theV2T and V2V
architectures, which is the vehicle-to-vehicle-to infrastructure
(V2WV2I)y architecture showed in Fig. 1. In this architeciure,
vehicles still communicate with cach other, similar o how
they communicate in the V2V architecture, However, the road
network is broken into zones, in which one wvehicle is
designated as a Super Vehicle. The size of the zones is
configurable and dependent upon the bandwidth and accuracy
desired by the application. The Super Vehicle will receive data
[rom all of the other vehicles within its zone, aggregate the
data, and then transmit the aggregated data to the central
server, In addition, the Super Vehicle will wransmit the data to
the other Super Vehicles in adjacent zones. Querics for ITS
applications can be sent to the central server., but if there is
some sort of failure, the V2V architecture consisting of Super
Vehicles can be used.

To detect the super vehicle in different zones a super
vehicle algorithm [4] 15 used. By this there may be a fast
reciprocation from the cmergency services immediately after
an accident has taken place.

Using the V2V2I architecture over the V2V and V21
architectures provides many benefits, meluding reducing the
bandwidth requirement for the roadway infrastructure (which
includes the central server), and allowing fault tolerance in the
event of a hardware failure of one of the centralized
components, However, reducing the bandwidth needed by the
central server means that less data is being transmitted ro it In
fact, mstead of every wechicle transmitting its speed and
location to the central server (as is the case with the
V2larchitecrure), in the V2V21 architecture, only one vehicle
per zone will transmit speed and location data. The data that is
been received by the central sever has to be classified and has
o be shared among different service providers for post-
aceident remedies.

B. Proposed Architeciure

This approach collects information available when a
traffic accident occurs, which is captured by sensors installed
on-hoard the vehicles. The data collected are structured i a
packet, and forwarded to a remote Control Unit through a
combination of V2V and V21 wireless communication. Based
on this information, our system directly estimates the accident
severity by comparing the obtained data with information
coming from previous accidents stored in a database. This
mformation 15 of utmost smportance, for  example, (o
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determine the most suitable set of resources inoa rescue
operation.

op— (i COMETS

Fige. 1 = Architecture of propesed system for automatic aceident ot Dcation
anicl ussistance using vehieular networks.

This system shown in Fig. |, consists of several
components with different functions, Firstly, vehicles should
incorporate an On-Board wnit (OBU) responsible for: (i)
detecting when there has been a potentially dangerous impact
for the occupants, (1i) collecting available information coming
from scnsors in the wvehicle. and (iii) communicating the
situation to a Control Unit (CU) that will accordingly address
the handling of the warning notification. Next, the notification
of the detected aceidents 18 made through a combimation of
both V2V and V21 communications, Finally, the destination of
all the collected information is the Control Unit; it will handle
the wammg notfication, estimating the severity of the
aceident, and communicating the incident to the appropriate
emergency services [3].

The proposed architectwre  provides: (1) direct
communication between the vehicles involved in the accident,
() antomanc sending of a data file contaming important
mformation about the accident to the Control Unit, and (i1} a
preliminary and automatic assessment of the damage of the
vehicle and its oceupants, based on the information coming
from the involved vehicles, and a database of accident reports,
According to the reported information and the preliminary
accident estimation, the system will alert the required rescue
resourees to optimize the accident assistance.

C, On-Roard Unir structure

The main objective of the proposed OBU lics in
obtaining the available information from sensors inside the
vehicle to determine when a dangerous situation occurs, atd
reporting that situation to the nearest Control Unit, as well as
to other nearby vehicles that may be affected. Fig. 2 shows the
OBU system, which relies on the interaction between sensors,
the data acquisition unit, the processing unit, and wireless
interfaces:
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Fig, 2 - On-Bowrd Lt strocture diagram,

* [In-vehicle sensors, They are required to detect
accidents and provide information about ils causcs.
Accessing the data from in-vehicle sensors is possible
nowadays using the On-Board Diagnostics {OBLD)
standard interface [ 7], which serves as the entry point
to the wvehicle's internal bus, This standard is
mandatory in Europe and USA since 2001, This
encompasses the majority of the vehicles of the
current automotive park, since the percentage of
compatible vehicles will keep growing as very old
vehicles are replaced by new ones.

¢ Data Acquisition Unit (DALU). This deviee is
responsible for periodically collecting data from the
sensors available m the wvehicle (airbag tnggers,
speed, fuel levels, ete.), converting them toa common
format, and providing the collected data set to the
OBU Processing Unit.

e OBV Processing Unit. Tt is in charge of processing
the data coming from sensors, determining whether
an  accident  oceurred, and  notifying  dangerous
situations to nearby vehicles, or directly to the
Control Unit, The information from the TIALT 15
gathered, inferpreted and used to determine the
vehicle’s current status. This unit must also have
access to a positioning device (such as a GPS
receiver) and to different wireless interfaces. thereby
enahling communication between the vehicle and the
remote control centre.

I Control Uit Struciure,

The Control Unit (CU) is associated 1o the response
centre in charge of receiving notifications of accidents from
the OBUs installed in vehicles. In particular, the Control Unit
is responsible for dealing with warning messages, retrieving
imformation from them, and notifying the emergency services
about the conditions under which the accident occurred, Fig 3,
shows the modules included in the Control Unit to achieve all
its objectives within our proposed svstem:
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Reception/interpretation module. The first step for
the CU is to receive a waming message from a
collided wehicle, and so there must be a module
wailing lor the arrival of messages and retieving the
values trom the different fields.

Accident severity estimation module, When a new
accident notification is received, this module will
determine how serious the collision was, and the
severity of the passengers’ injuries.

Resource assignment module, After deciding the
severity of the accident, an additional module is used
to define resource sets adapted to the specific
aituation.

—
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Fig. 3- Coarol Unit modular straeture.

Database update module. The data collected from the
notified accident are stored into the exisring database
of previous acecidents, mcreasing the knowledge
about the accident domain,

Web Server module. The Control Unit incorporates a
Web Server to allow easy visualization of the
historical  information  recorded and the current
accident  situations requirmg  assistance. A web
interface was chosen in order to increase user
friendliness and interoperabiliny.

Emergency services notification module. When the
information  has  been  correctly  managed,  the
notification module sends messages to the emergency
services including all the informanon collected, the
estimated  severity, the recommended set of
resources, as well as additional information about the
vehicles invelved in the collision (for preliminary
planning of the rescue operation). The mformation
about vehicles consists of standard rescue sheets,
which highlight the important or dangerous parts of a
specific vehicle that should be taken into account
during a rescue operation: batteries, fuel tanks, ete.
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ML SEVERITY ESTIMATION

The currently available technology  within motor
vehicles combined with satellite communication svstems
allows for timely notilication of emergency medical services
(EMS)[6]to crash events. An automated system of crash
notification wounld inundate the EMS systems within minutes,
Vehicles are also equipped with event data recording svstems

systems are validated at the Passive Security Department of
Applust TIMADA Corporation and showed how it can
successfully detect traffic accidents, reporting all the detailed
inlormation (o emergency services on Lime.
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Several approaches can be found in the existing
literature with the objective of increasing traffic safety through
the use of telecommunication technologics, and also in the
field of accident severity estimation using historical data

. CONCLUSION.

The new communication technologies integrated into
the automotive sector offer an opportunity for better assistance
to people injured in traffic accidents, reducing the responsc
time of emergency services, and increasing the information
they have about the incident just before starting the rescue
process. To this end, we have been providing particular
information on automatic accident notification and assistance
based on V2V and V21 communications, as we called thesc as
vehicular networks,

Vehicular networks are nothing but the subgroup of
MANET, which uses moving wvehicles as nodes to
communicate the information between the vehicles using V2V
and V2T architectures as shown in the above section, There are
several algorithms that are been developed to implement these
kind of real-time systems.

The survey was done to show that these systems can
berter nonfy the emergency services as the vehicle population
these days are drastically increasing. Thus can save lives of
people injured i automaotive accidents by estimating the
severity of the accident.

Most of the existing work focused on data mining in
traffic accidents 15 based on data sets where a very limited pre-
processing and transformation are performed. The above
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