Document downloaded from:

http://hdl.handle.net/10251/35241

This paper must be cited as:

Fogue, M.; Garrido, P.; Martinez, FJ.; Cano Escriba, JC.; Tavares De Araujo Cesariny
Calafate, CM.; Manzoni, P. (2012). Automatic Accident Detection: Assistance Through
Communication Technologies and Vehicles. IEEE Vehicular Technology Magazine.
7(3):90-100. doi:10.1109/MVT.2012.2203877.

The final publication is available at

http://dx.doi.org/10.1109/MVT.2012.2203877

Copyright . . . .
Pyng Institute of Electrical and Electronics Engineers, Inc.



A Realistic Prototype for Automatic
Accident Detection and Assistance
through Vehicular Networks

Manuel Fogue, Universly of Zaragaza, Spain

Piedad Garido, Universiy of Zaragoza, Spain

FanasooJ. Martnez, Unverdlyof Zaragoza, Spalk - n
JuanCarios Cano, UnversiatPoinicade Vaene . i, Spain
Carlos T. Caldfaie, Unversiat Poiecnicade Vaé - nda, Span
PetroMarzon, UnversiatPoiecnicadeVaenda: |, Span

The symbiosis between communication technologies anghssengers, as well as the impact and severity uch s

vehicles offer a priceless opportunity to improsistance to
people injured in traffic accidents, providing infeation about
the incident to reduce the response time of emeggservices.
Determining more accurately the required human enraterial
resources for each particular accident could sigaiftly
reduce the number of victims. This paper presentsnovel
system prototype especially designed to detect @mmoside
faster assistance for traffic accidents, therebyimizing the
consequences on the passengers’ health. The pr@ystem
requires each vehicle to be endowed with an On-Baard
responsible for detecting and reporting accidentaions to
an external Control Unit that estimates its severéljocating
the necessary resources for the rescue operatione T
development of our prototype based on off-the-sielices,
and its validation at the Applus+ IDIADA Automotive
Research Corporation facilities, shows that our systould
notably reduce the time needed to alert and depluy
emergency services after an accident takes place.

Introduction
During the last decades, the total number of vehicl

around the world has experienced a remarkable grandking
traffic density higher and increasing the driveastention
requirements. The immediate effect of this situatis the
dramatic increase of traffic accidents on the raoagresenting
a serious problem in most countries. As an examplé78
people died on Spanish roads in 2010, which meaasdeath
for every 18,551 inhabitants [1].

Numerous efforts have been undertaken by automobile

manufacturers to reduce road casualties, mainlysied on
both active and passive safety systems. Thesatinés have
managed to increase traffic safety, achieving assaeable
reduction of road deaths. However, accidents c#éinostur,

and a quicker response from emergency servicesdcoul

significantly decrease both the amount of injured alead

accidents.

The European Commission is currently funding several
projects under the 2010 Intelligent Car Initiativethich
promotes several efforts toward new safety systems.
Cooperative  Systems  usingvehicle-to-vehicle (V2V)
communications are now considered necessary tongaish
these objectives, and will play an increasing ralethe
Intelligent Transportation System@8TS) area. Most ITS
applications, such as road safety, fleet managemand
navigation, will rely on information and communiiet
technologies between the vehicle and the roadside
infrastructure (V2lI), or between vehicles (V2V).

In this paper we present our prototype architectadéed
e-NOTIFY, a novel proposal designed to improve ¢hances
of survival for passengers involved in car acciderthe
proposed system offers automated detection, regprand
assistance of passengers involved in road accidegts
exploiting the capabilities offered by vehiculammounication
technologies. Our proposal does not directly fomuseducing
the number of accidents, but on improving postisioih
assistance with fast and efficient management efatiailable
emergency resources, increasing the chances ofagcand
survival for people injured in traffic accidents.

Motivation
When a traffic accident takes place, assisting ragju
passengers as soon as possible is crucial to nzi@irtie
negative effects on their health. Mortality froraffic accidents
can be classified in three different stages [2]:
First phase: It involves casualties in the first/ fminutes
or seconds after the accident (about 10% of alhdga
Second phase: The so-call€blden Hour as it usually
occurs during the first hour after the accidentalises the
highest mortality, i. e., 75% of all deceasess ithie phase
in which the highest death rate can be avoidedrbpey
initial health care.
« Third phase: It happens days or weeks after therasic
incident, causing 15% of mortality. It takes hardrivand



a high amount of resources to reduce mortality his t

phase.

As can be observed, the phase where more beneafitbe
achieved by reducing rescue response time is tandeone. A
fast and efficient rescue operation during the tadtar a traffic
accident significantly increases the probability sofrvival of
the injured, and reduces the injury severity.

For a noticeable reduction in rescue time, two msjeps
must be taken: (i) fast and accurate accident tiete@nd
reporting to an appropriate Public Safety Answerigint
(PSAP), and (ii) fast and efficient evacuation aftwpants
trapped inside a vehicle. The first of these oljest can be
accomplished by using telecommunication
incorporated into the automotive world. There hagen many
advances in the development of technologies

(VANETs or Vehicular Ad hoc NETworkg3]), offering
support for cooperative security applications betweehicles.
In fact, the 802.11p working group recently appobtiee IEEE
802.11p standard [4], providing a viable solutiar fnter-
vehicular security applications. This technologys hbeen
already studied to increase traffic safety in dange areas
such as intersections [5].

technotogie

for
communication between vehicles (V2V), also known as

relevant information on the conditions under white
accident happened before moving to the area oftio@ent.
As shown in Figure 2, up to 63% of all problemst trescue
teams can find when facing an accident could beced by
providing emergency services with additional infatimn. This
extra information, obtained from sensors inside tedicle,
would be used to estimate the severity of the omotg)
injuries. Also, having more information would allow
determining the optimal set of human and mategaburces to
be sent to the accident location, with the consetjassistance
quality improvement.

On-site rescue problems

Localising/disconnecting the Vvehicle identification

battery
23%

Scanning the airbags
6%

Securing the vehicle

Access to the injured

Occupant extrication
20%

However, accomplishing the second goal is becoming

harder and harder every year. Studies conductedebpDAC
German automobile club [6] have proved that thecues
operation of injured people from a vehicle takesgkr the
more recent the vehicle is. This effect is clearlgible in
Figure 1, where the impact of the year of manufactf the
vehicle in the rescue speed is shown. We obserae the
increase of security equipment that makes vehistder also
implies more complexity for the emergency teamanithe

Figure 2 Main rescue problems at the accident site [6].

Related projects

A number of research projects headed by different
research institutes and car manufacturers arouedwtrld
have been focusing on inter-vehicle communicatigstesns.

Some of the larger projects related to our

golden hour perspective, this is a serious threat to thee-NOTIFY system are listed below:

successful rescue of injured persons.

Speed of rescue in relation to the Year of Manufacture of a vehicle

% Rescue Operations
[

1990-1992 1995-1997 20002002

Year of Manufacture

2005-2007

B <50 min 5060 min W >60 min

Figure 1 Impact of the year of manufacture of the vehicle in the
rescue speed [6].

Increasing the amount of information available ahibe
accident and the vehicle involved could definitebntribute to
the second goal [7]. In fact, the effectivenesshef assistance
to passengers involved in a traffic accident coulld
significantly improved if emergency services hadaikable

¢ COMeSafety2[8]: The COMeSafety2 project proposal
aims at coordinating the activities towards thdization
of cooperative systems on European roads, focusirg!
issues related to vehicle-to-vehicle and vehicle-to
infrastructure communications. Its main goal cassi
developing a European set of standards to suppioe w
implementation and deployment of cooperative ligetit
Transport Systems.

e eCall[9]: The eCall system has been designed to improve
transportation safety, providing rapid assistamcpdople
involved in a collision anywhere in the Europeaniddn
A collision activates an emergency voice call to be
established via the cellular network to local ereay
agencies. In addition, e-Call transmitdvinimum Set of
Data (MSD), including key information about the
accident such as time, location and vehicle desonplt
is supposed that the eCall system will be operdye
2015.

e OnStar[10]: It is an in-vehicle safety and security syste
created by General Motors (GM) for on-road asstan
which resembles the European eCall project. A ¢ofiis
activates an emergency voice call to report key
information about the accident.



The most similar projects to e-NOTIFY are both #all
and the OnStar projects, which are expected to aeually
activated, or using the in-vehicle sensors for airb
deployment. However, our proposal goes one steprizktheir
aims. We are developing an autonomous intelliggsies that
allows automatically adapting the required res@sources to
each particular accident, allowing the rescue staffvork far
more efficiently, and reducing the time associatedtheir
tasks.

e-NOTIFY System: Architecture Overview

Figure 3 presents the basic structure of the e-W@TI
system. Our proposed system consists of severap@oemts
with different functions. Firstly, the vehicles shd incorporate
an On-Board unit (OBU) responsible for detecting deots
and communicating about dangerous situations. Nthe,
notification of the detected accidents is made ugho a
combination of both V2V and V2| communications. &y,
the destination of the information is the Contraiit/CU) that
will handle the warning notification, estimatingetseverity of
the accident and communicating the incident toaghropriate
emergency services.
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Figure 3 e-NOTIFY architecture based on the combination of
V2V and V2| communications.

The OBU definition is of utmost importance for the
proposed system. This device must be technicallg an

economically feasible, as its adoption in a widage of
vehicles could become massive in a near futureaddition,

this system should be open to future software wgsdat |

Although the design of the hardware to be incluifedehicles
initially consisted of special-purpose systemss tliend is
heading towards general-purpose systems becauséheof
constant inclusion of new services.

The information exchange between the OBUs and the CU

is made through the Internet, either through vekigroviding
Internet access (via UMTS, for example), or by hiag
infrastructure unitsRoad-Side UnitsRSU) that provide this

service. If the vehicle does not get direct actesthe CU on
its own, it can generate messages to be broadgasedrby
vehicles until they reach one of the aforementioned
communication paths. These messages, when disdethina
among the vehicles in the area where the accidearkt place,
also serve the purpose of alerting drivers tragelin the
accident area about the state of the affected dehamd its
possible interference on the normal traffic flow.

The goal of our proposal is to provide an architexthat
allows: (i) direct communication between the vedsdnvolved
in the accident, (ii) automatic sending of a ddta dontaining
important information about the incident to the Gohtnit,
and (iii) a preliminary and automatic assessmeihefdamage
of the vehicle and its occupants, based on therrrdtion
received from the involved vehicles, and a datalbhsecident
reports. According to the reported information attie
preliminary accident estimation, the system wilkeralthe
required rescue resources to optimize the accasistance.

On-Board Unit (OBU) Design

The main objective of the e-NOTIFY OBU lies in
obtaining the available information from sensorside the
vehicle to determine when a dangerous situatiorurs¢and
reporting that situation to the nearest Control Usstwell as to
other nearby vehicles that may be affected.

OBU Internal Structure

Figure 4 shows the e-NOTIFY OBU system, which relies
on the interaction between sensors, the data atigmisinit,
the processing unit, and wireless interfaces:

OBU
Processing
Unit

In-Vehicle
Sensors

~
ﬂ_’

TR
o

=:
T
g
(e

GPS Device

Figure 4 OBU structure diagram.

In-vehicle sensorsThey are required to detect accidents
and provide information about its causes. Accessimg
data from in-vehicle sensors is possible nowadajsgu
the On-Board Diagnostics (OBD) standard interfacq, [11
which serves as the entry point to the vehicleteriral
bus. This standard is mandatory in Europe and USées
2001. This encompasses the majority of the vehialdise
current automotive park, and the percentage of editvip
vehicles will keep growing as very old vehicles are
replaced by new ones.



minor accident exceeds the maximum value registerettie
severe collision, although the duration of the euis much
smaller. So, it is clear that using simple accélenathresholds
to distinguish the acceleration pulses is not ehpaad both
their amplitude and duration should be consideedétter

Data Acquisition Unit (DAU) This device is responsible
for periodically collecting data from the differes¢nsors
available in the vehicle (airbag triggers, spead) fevels,
etc.), converting them to a common format, and idling
the collected data set to the OBU Processing Unit.

OBU Processing Unitlt is in charge of processing the

data from sensors, determining whether an accideréstimate the severity of accidents.

occurred, and notifying dangerous situations tormea
vehicles and to the Control Unit. The informatioorfr the
DAU is gathered, interpreted and used to deterrttiree
vehicle's current status. This unit must have actesa
positioning device (such as a GPS receiver), asul lzve
access to different wireless interfaces, therebgbkmg
communication between the vehicle and the remote
control center.

Accident Detection Algorithm

The first goal of our OBU consists of determiningenha
dangerous accident occurs. In the traffic accidetdmain,
there are two main events that could cause sevarage to
the passengers in a vehicle: rollovers (overtuarg] strong
impacts. We are currently working with the AppluS4ADA
Automobile Research Corporation [12] to develop digéa
accident detection algorithm based on informatiohictv
characterizes different types of accident.

Crash tests held by IDIADA collect a huge amount of
information about the collision (10,000 samples pecond)
which is unfeasible to be handled in real-time stitumust be
processed off-line after the accident. Neverthelfgsa really
useful system, data must be processed in the moaofethte
accident to reduce the assistance time and thetefté the
collision on the passengers. Moreover, the equipraosed by
IDIADA to record all this information is not affoatble in a
standard vehicle. Therefore, our detection systaoulsl be
based on an affordable on-line system, but stilueste to
detect when an accident occurs. So, e-NOTIFY OBUs aus
reduced sampling frequency compared to the cordtogur
under IDIADA tests. The new sampling frequency etested
so that it is possible to handle it in real-timehile being
precise enough to classify the different types o€ident
pulses. Our experiments showed that about 100 mevasnts
per second are adequate to achieve a trade-off ebatw
accuracy and real-time processing.

When we are trying to detect an accident, a roldnea
vehicle is quite simple to recognize using a hariab tilt
sensor, since measurements deviating more thane§fees
from the horizontal, or a constant value over 4§rees (partial
rollover), indicate that the vehicle overturned aregkds to be
rescued.

The interpretation of acceleration values
complicated. The straightforward approach to cfgssi
collisions would consist of defining a series ofteleration
thresholds. Nevertheless, this simple method isvalid for all
tested situations, as shown in Figure 5. The gramftains
different pulses corresponding to front crashed wifferent
severities. As shown, the peak acceleration recbiidethe

10

Acceleration (G)

-30

No accident (15 km/h) -===----
Minor accident (40 km/h) ===

Severe accldem‘(84 km/h) ——
0.2

-35

0.05 0.1 0.15 0.25

Time (s)

Figure 5 Acceleration pulses for different front crash ratings.
Data provided by Applus+ IDIADA Corporation [12].

To take into account both the amplitude and dumatb
the pulse, our e-NOTIFY system uses the area Hwfptlse
forms with the X axis, which can be obtained apmyithe
integral of the function. Therefore, we will makeseuof the
integral value of the function to classify accetiena pulses and
determine the preliminary severity of an impact.

OBU Design under the OSGi Environment

The e-NOTIFY OBUs make use of the OSGi (Open
Services Gateway initiative) standard [13], whictaleles the
development of applications (in the formtfndlesor modules
for deployment) that can be installed, startedpistd, updated
and uninstalled remotely without rebooting the ayst Many
car manufacturers have included the OSGi spedifican their
Global System for Telemati¢&SST) specification. Hence, it
has been chosen to be implemented in the e-NOTiR¥m
since OSGi is becoming thee factostandard for vehicular
network systems.

In the OSGi environment, a bundle is an application
packaged in a JAR (Java ARchive) which is deployedrin
OSGi platform. Therefore, the applications to becexed by
the OBUs must be programmed in the Java language, an
packaged in a JAR file that allows deployment asodute in
the system. The inclusion of new services may bépaed

is moreusing a similar procedure, obtaining a highly sekdaand

updateable architecture.

Control Unit (CU) Design

The Control Unit (CU) is associated to the respomseer
in charge of receiving notifications of accidemsni the OBUs
installed in vehicles. In particular, the Control itJris



responsible for dealing with warning messages,iengtrg
information from them, and notifying the emergersgyvices
about the conditions under which the accident agecur
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Figure 6 Control Unit modular structure.

CU Internal Structure

Figure 6 shows the modules included in the Contnait U
to achieve all its objectives within the e-NOTIFYseem:

¢ Reception/interpretation modul&he first step for the CU
is to receive a warning message from a collidedcleh
and so there must be a module waiting for the arof
messages and obtaining their different fields.

¢« Accident severity estimation modul&Vhen a new
accident notification is received, this module will
determine how serious the collision was, and tiveriy
of the passengers’ injuries.

¢ Resource assignment modubdter deciding the severity
of the accident, an additional module is used tbnde
resource sets adapted to the specific situation.

e Database update modul&he data collected from the
notified accident are stored into the existing base of
previous accidents, increasing the knowledge aloet
accident domain.

*  Web Server modul&he Control Unit incorporates a Web
Server to allow easy visualization of the histdrica
information recorded and the current accident sitba
requiring assistance. We chose a web interfacedardo
increase user friendliness and interoperability.

< Emergency services notification modul&hen the
information has been correctly managed, the natific

Airbag Karosserie- Steuergerat

s | VEFStATKUNG @
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= &
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Figure 7 Example of standard rescue sheet.

The Control Unit makes use of three different dadabao
handle accident notifications. The accident databamtains
historical data from past accidents detected bysjtstem, and
it is used to build the estimation models that mtedhe
severity of new accidents. The vehicle informatetabase
provides, for each vehicle, available informatidroat rescue
procedures, dangerous components inside eachtcaFjrally,
the emergency services database includes informatiout the
rescue services available in the area of influefahe CU in
order to determine the emergency services needeadch
specific accident.

Accident Severity Estimation

After receiving an accident notification, the Coihtenit
must determine the severity of the traffic accidenadjust the
available resources to each situation. In particultoe
questions that must be answered to obtain usefatnration
are: (i) How damaged are the vehicles involvechdccident?
and (ii) How severe are the injuries suffered by plassengers?

module sends messages to the emergency servicdde first question will determine the need of maehy such as

including all the information collected, the estieth
severity, the recommended set of resources, as asell
additional information about the vehicles involviedthe
collision (for preliminary planning of the rescue
operation). The information about vehicles consists
standard rescue sheets, which highlight the imporba
dangerous parts of a specific vehicle that shoeldalzen
into account during a rescue operation: batterias|
tanks, etc., as shown in Figure 7.

cranes to restore normal traffic flow, or the likiyp for the
vehicle to catch fire and cause additional dangesiuations.
The second one is related to the health equipmeht/ahicles
necessary to increase the probability of surviahe vehicle
occupants.
Developing a useful algorithm to estimate accident

severity needs historical data to ensure that fiiteria used are
suitable and realistic. The National Highway Tmaffsafety



Administration (NHTSA) maintains the General Estieta
System (GES) [14], a database with information &tmaffic
accidents which began operating in 1988. The datattis
database is obtained from a sample of Police AotiBeports
(PARs) collected all over the USA roads. This daseba
includes information about the crash charactesstand
environmental conditions at the time of the acciderhicles
and drivers involved in the crash, and people wedlin the
collision.

Using the data contained in the GES database, assify
the damage in vehicles in three categoriagior, moderate

handle each message received, which allows expdpoiti
multiprocessor or multicomputer architectures.

Databases are managed using the MySQL relational
database management system. MySQL was selectedsieent
its scalability and easy integration with the restomponents
of the Control Unit.

The Web server for the visualization module is Apac
To support dynamic content, we use the PHP (Hyperte
Preprocessor) technology, which is easily integrateto
Apache. By combining these technologies and MyS@ers
can visually check the system status, as showiguré 8.

and severe damagealepending on whether the vehicle can be

driven safely or not. Focusing on passenger injunee also
use three different classes to determine theirrggvao injury,
non-incapacitating injuryandincapacitating or fatal injury
The data mining classification algorithms useddtineate
the accident severity were built using the Wekanepeurce
data mining package [15]. By using data mining dfi@sgion

algorithms based on Bayesian networks and the Keclsea

algorithm [16], trained with the values from prewsoaccidents
in the GES database, we are able to generate fidatien
models that correctly estimate the accident sgvenitre than
75% of the cases. Therefore, these estimationsheaysed to
adapt the resources to the conditions of the aotide

Prototype Implementation and Validation
We built a prototype for the e-NOTIFY system usof
the-shelf devices, allowing fast development amtliced cost.

OBU Prototype

The Data Acquisition Unit in our initial prototype built
using an ARM microcontroller programmed to periotlica
collect data from in-vehicle sensors. Basically,sthesensors
are accelerometers and gyroscopes that indicateetiexity of
the impacts received by the automobile or the oecwe of a
rollover that might endanger the integrity of thecopants.
Communication between the microcontroller and
Processing Unit is done by sending UDP packetsutiiraan
Ethernet interface.

The OBU Processing Unit in our prototype is a gdnera

purpose Asus Eee PC netbook, equipped with solié sligk
(SSD) to minimize the possibility of damage duenpact in
crash tests. The vehicle position and speed asengat using a
GPS device accessible using Bluetooth.

CU Prototype

The Control Unit prototype for the initial tests whsilt
using common software components, allowing fastqtyping
with little cost.

The reception/interpretation module was implemented

using the Java programming language. This module & a
concurrent server, creating different executionedds to

the

Notified alerts

2011-05-24

20:34:45 Rk e

o | 2 e e

L I -
77
=
7
7

n

¢

2011-05-11
20:34:45 Bac HO
2011-05-11
18:33:25

Front N
(minor)
2011-05-11

17:58:41 Right No

2011-05-06
11:15:38

Front

NO
(severe)

3388

Accident details:

Vehicle and passengers information:
* Source ID: 2345
o License plate: 5879BJL
* Model: Audi A4 (2005) 1.8 TDI

Pass%\g(%s
L 4
Voo

Impact Direction

« Doors: 5
« Freight: 0
o Passengers:
(1.1) Seat Belt = Used - Airbag = Deployed
© (1,2) Seat Belt = Not Used - Airbag = Malfunction
(2.1) Seat Belt = Not Used - Airbag = None

Accident information:
 Date / time: 2011-05-06 11:15:38
« Position:
Latitude: 41° 15' 59.40" N
o Latitude: 1°31' 14.16" E

« Speed: 55.12 km/h
« Accident type: Front (severe)

* Acceleration: -23.543 G ImpaCt Front

(severe)
Rollover: NO

 Points of impact: 1,2,3
« Impact direction: 1

« Position after accident: No Rollover

Figure 8 Web interface screenshots with information about
notified accidents.



Prototype Validation

Our prototype was validated at the Applus+ IDIADE]
Passive Security Department faciliies in Santa v®li
(Tarragona, Spain). These facilities house onehef most
sophisticated crash test laboratories in the wahd, constitute
an official center for approval under the Euro NG#&Bgram.

Due to the cost of using real vehicles in the suh
experiments, the e-NOTIFY prototype tests were quaréd
using a platform (known as “sled”) that moves oifsrim order
to collide against a series of metal bars that kteuthe
deformation suffered by a vehicle body to absos ithpact.
The speed of the stroke and the configuration of lsed in
the test determine, respectively, the kind of asmiddetected
and the segment the simulated vehicle belongsatilff car,
off-road, etc.). Tested speeds are determined byodean
standards and vary from 10 km/h to 64 km/h to regme
different accident severities.

Figure 9 shows the sled used in the tests. Vatidati
experiments consisted of front, side, and rear@agh tests,
accounting for both accident and no accident sd@nat The
classification of the severity of the collisiondgctated by the
parameters used in Applus+ IDIADA in automotivenstard
tests. The specific tests performed during thedadilbn phase
appear in Table 1.

OBU
Processing
Unit

Vehicle
sensors

Figure 9 Sled with the e-NOTIFY prototype installed before a
crash detection test.

Accident Vehicle segment Accident Pulse Accdl.
type severity | duration
Front Large Family Car S'evere ace. 110|i@8-28 G
accident Large MPV Minor acc. 100 msl5-21 G|
Small Family Car No acc. 110 ms4-9 G
Side Small Off-Road 4x4 Accident 90 m$ 14-21 G
accident Supermini No acc. 90 mMs3-6G
Rear-end | Small MPV Accident 110 ms 5-7G
accident Supermini No acc. 70mMs2-6G

Table 1 Validation tests performed on the e-NOTIFY system

The test system included an external computer viegei
regular information from the sled (via a wirelesstwork) of
the measurements recorded by the OBU to ensurertipem

behavior of the sensor reading module, along witBoatrol
Unit in charge of receiving alert messages and yagplthe
corresponding algorithms. The real trials were grened with
two different objectives: proving that the OBU prigfze was
solid enough to resist a dangerous impact and ithasuld
continue working after the accident, and also dnguthe
proper function of the system under a realistislersituation.

All the tests produced very positive results, siteeOBU
did not suffer from noticeable damage even in ttirengest
impacts. The experiment helped to show that the @8BS able
to correctly detect both the magnitude and directid the
impact. Figure 10 summarizes how acceleration puisere
handled by the e-NOTIFY system in two of the experts.
As shown, using a reduced sampling frequency weiok
similar pulse shape with less than 10% variatiothaintegral
value (approximated by the sum of smaller rectaragkas)
compared to the area obtained using the highesplsam
frequency.
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Figure 10 Acceleration pulses collected by Applus+ IDIADA
compared to the samples obtained by the e-NOTIFY system in
the same experiments: front minor accident (top), and front
severe accident (bottom).

In addition, the OBUS generated an appropriate wgrni

message from the sensor data and send it using UMTS

technology to the Control Unit in all accident capiiations, as
shown in Figure 11. The latter properly proces$edaccident



details, generating a correct estimation of theesgy of the
accident.
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Figure 11 Images of the crash test results: Accident pulse
recorded by the OBU (top), and the same accident notified and
received by the CU (bottom).

Conclusions

In this paper we presented the e-NOTIFY systemchwhi

allows fast detection of traffic accidents, impmyi the

assistance to injured passengers by reducing #pomee time

of emergency services through the efficient comration of
relevant information about the accident using alzoation of
V2V and V2| communications. The proposed systenuireg
installing On-Board Units in the vehicles, in chargf
detecting accidents and notifying them to an esefontrol
Unit, which will estimate the severity of the acaimd and
inform the appropriate emergency services abouirtbieent.
This architecture replaces the current mechanismos
notification of accidents based on witnesses, wiay provide
incomplete or incorrect information after a muchder time.
The development of a low-cost prototype shows fhas
feasible to massively incorporate this system inistiag
vehicles. We validated our prototype at the PasSigeurity

Department of Applus+ IDIADA Corporation, and showed
how it can successfully detect traffic accidengéparting all the
detailed information to a Control Alert System omei Future
work in this area includes deploying the systemairreal
environment with the OBUs installed in real vehidesheck
the system behavior when moving at high speeds.
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