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ABSTRACT - Cooperative vehicular communication syss have been identified as a key
Intelligent Transportations Systems (ITS) techngloy improving traffic safety, traffic
management and provide Internet connectivity omtbge through the dynamic exchange of
messages between vehicles (Vehicle to Vehicle Camuations, V2V) or between vehicles
and road side infrastructure units (Vehicle todsfructure Communications, V2I).

Before deploying cooperative ITS systems, it ic@bthat their adequate operation is
extensively tested, in particular for traffic sgfapplications. In this context, FOTs (Field
Operational Tests) have been launched in the USapan and are under preparation in the
EU. FOTs will allow testing under real conditiome tintended benefits of this promising
technology and its interaction with the driver. Hoer, FOTs are not sufficient to test and
optimise cooperative ITS systems given their higst @nd time limitation that prevents a
comprehensive analysis of subsequently added nestidmalities. In addition, the
participation of drivers in the public road netwdirkit the FOT capability to test the active
safety functionality of cooperative vehicular IT&®ms under critical conditions.

To overcome this limitation, IDIADA Automotive Tenblogies (IDIADA), with the support
from the Miguel Hernandez University, is creatingomperative ITS proving ground facility
that will allow repetitive testing of the activefety functionality of cooperative ITS systems
under critical and controlled situations, and undiffierent operating conditions, including
low adherence and visibility. To the author’s knedde, the facility, that will be part of
IDIADA’s 370 hectares automotive testing complexpne of the first worldwide initiatives

of this type. The testing facility under developmigrtludes equipped vehicles and roadside
units with WAVE/IEEE802.11p cooperative devices] anseries of cooperative ITS testing
protocols. In particular, testing protocols for tblowing cooperative applications have been
defined:

e Intersection Collision Avoidance (ICA)

* Lane Change Warning (LCW)

* Emergency Electronic Brake Lights (EEBL)
* Head on collision warning (HCW)

The protocols define the traffic scenario, condisi@nd cooperative communications
requirements, tests, metrics and data loggingvetig the initial developments under the EU
FESTA and Safespot projects.



1. INTRODUCTION

Cooperative ITS have the potential to improve icagbfety, increase traffic management
efficiency and reduce the environmental impactaidrtransport by means of wireless V2V
and V2I communication. Nowadays, Cooperative ITt®logical solutions are undergoing
research, development and prototyping that willl lmanew products, standards and services
in this area. For Cooperative ITS systems and sesuio enter the market, they will need to
overcome an evaluation and validation process. pitusess will include large FOTSs all
around the world in order to ensure the adequateatipn of Cooperative ITS in real
scenarios on the public roads. In the case ofysadédted applications, FOTs do not support
testing under critical conditions prior to the alasit and so safety related Cooperative ITS
applications need to be evaluated in proving greuhdt provide safe and controlled real-
world ITS environment. With this aim, IDIADA withhe support from Miguel Hernandez
University has created the ITS-EVAL testing plathodisplayed in IDIADA’s proving

ground that covers a basic set of safety applicatiand includes testing scenarios and
protocols, infrastructure, evaluation equipment @odperative ITS prototypes.

The remainder of the paper is organized as folldwSection 2, we introduce the ITS-EVAL
testing platform, including a brief descriptionezch application selected for the first basic
set implemented, and an overview of the Cooperdli$eprototypes developed. Section 3
presents the results obtained from the first omtgists which comprise communications
performace assessment tests and ICA functionaggssment. Finally, we compile the
conclusions and future work in Section 5.

2. ITS-EVAL, COOPERATIVE ITS TESTING PLATFORM

In view of the necessity to evaluate the meansoperative vehicular communications, and
subsequently validate the correct performanceettiety related applications derived, ITS-
EVAL platform has been designed in order to colrierrequirements of a sample of
applications representing the most relevant worildeveases of use of Cooperative ITS with
the aim of increasing traffic safety and reducing mumber of accidents. This first basic set
of applications will be expanded progressivelyiides to cover the necessities of vehicle and
systems manufacturers, as well as promote resedgehlopment & innovation leading to
new products, standards and services in the ar€a@perative ITS technologies.

In order to cover the necessities of each apptinagelected, ITS-EVAL platform is deployed
on IDIADA’s proving ground including representatiseenarios of the selected applications
such as intersections, open road, motorway scenaith 2 or more lanes, etc. The vehicles
that participate in the testing are specially egagpwith safety features ensuring maximum
safety standards are met. ITS-EVAL testing platfesraquipped with evaluation devices
such as driving robots, differential GPS, and ae¢bset targets and sensors. With the aim of
being able to evaluate the developed testing phatind protocols, as well as to gain
experience and knowledge of Cooperative ITS systémdesting platform implementation
included the development of two Cooperative ITSqgpes for V2V and V21 wireless
communications.

2.1.ITS-EVAL Basic Set of Applications
The selection of the applications to be includethimbasic set was based on the technological
solutions with the biggest impact on traffic saféy a reduction of the highest occurring
number of accidents). This study was based onehdts of European projects and initiatives




such as TRACE (1, 2), eIMPACT (3, 4) and Safety{$e6), as well as profiles and
indicators that the Spanish organism Direccién Garde Trafico (DGT) (7, 8) publishes
every year.

The selection was completed with the results obthirom the analysis of a wide set of
scenarios, applications and user cases identifi&liropean and American projects such as
SAFESPOT (9, 10, 11), VSC (Vehicle Safety Commutiocs) (12, 13, 14, 15, 16) and VII
(Vehicle Infrastructure Integration) (17, 18, 1Bhese projects share a common objective of
improving traffic safety through cooperative vell@@communication.

Finally, a set of four applications were selectedause of being the most relevant, covering a
wide range of user cases and with a higher potenttarms of improving traffic safety.
These applications are:

» Intersection Collision Avoidance (ICA)

» Emergency Electronic Brake Lights (EEBL)
* Lane Change Warning (LCW)

* Head on Collision Warning (HCW)

A brief description of each application is detailedhis section.

2.1.1. Intersection Collision Avoidance (ICA)
A significant percentage of vehicle crashes alluatbthe world occur at intersections or are
intersection-related. Their causes are often dwkiters’ misjudgement of the situation,
failure to correctly observe the situation, or itigbto correctly perceive the degree of
danger. The goal of ICA application is to avoidlisadns at intersections by warning the
driver in sufficient time to react. The system wathe driver with an in-vehicle hazard
warning when there is a risk of a collision crogsam intersection. ICA contemplates the use
of roadside infrastructure sensors and/or cooperathicular communications, in order to
detect presence, location, lane of travel, spaadl aaceleration among other factors, of
vehicles approaching the intersection point. Coaipez ITS systems are continuously
processing information of vehicles present, andlisgntailored messages to drivers through
an in-vehicle Human Machine Interface (HMI) thaaisombination of sound and visual
warning. Figure 1 shows an example of ICA scenario.

Figure 1. Example of an ICA scenario

The Cooperative vehicular ITS prototypes developezla warning strategy based on
dividing the communication area in three warningethat are delimited by the time to
collision. The in-vehicle system determines whetneollision is likely to happen at
prevailing speeds and distances within a certaie interval. In Zone 3, the in-vehicle system



is monitoring position and movement of the surrangd/ehicles in order to detect a situation
of risk. In Zone 2, the system has detected a Hamarsituation and informs the driver with
an in-vehicle warning. After the warning, if thehwee still enters Zone 1, the driver will be
alerted to the imminent danger of crashing.

2.1.2. Emergency Electronic Brake Lights (EEBL)
EEBL application addresses rear-end and backirgpicols, which can happen when a
vehicle is following too closely for the driver teact to sudden braking by the lead vehicle or
because of driver inattention. EEBL extends drivetsual field by forwarding/backwarding
warning messages to in-vehicle devices. In a déoviing situation, the same strategy as in
ICA is used, where time to collision is the timkea for the two vehicles to collide if they
maintain their present speed and heading. Moretiveisystem assumes that the lead vehicle
could brake at full braking power at any time. §s@nce, it maintains a "critical clearance”,
the minimum distance necessary to come to a stdpievent the leading car suddenly
brakes. Figure 2 shows an example of EBBL car falg scenario.
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Figure 2. Example of an EBBL scenario

2.1.3. Lane Change Warning (LCW) and Head on Collision hfeg (HCW)
LCW and HCW applications address collisions cawgleen a vehicle leaves its lane in a
lateral maneuver crashing into an oncoming velatleer head-on (HCW) or, in the case of
vehicles traveling in the same direction, in a swipe or merge crash (LCW). In both cases,
when the driver is preparing to start the maneubersystem determines whether there is risk
of collision or not, and in case the maneuver issafe it generates a warning to the driver
indicating to abort it. In order to determine tlezard, on board systems in nearby vehicles
are continuously interchanging information abowgkon, lane of travel, speed, and
acceleration among other factors. Figure 3 shorepi@esentative scenario of each
application.
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For LCW, vehicle 2 is in the blind spot of vehidland so when the driver of vehicle 1 is
preparing to start the left lane change, receiwsaraing, indicating that the maneuver is not
safe. In the case of HCW, the driver of vehicleafrot see vehicle 2 because of the visual
obstruction that is caused by vehicle 3. So ifdheer of vehicle 1 decides to start overtaking
vehicle 3 the system will indicate to the driveratmort the maneuver because it is not safe.
This situation would be detected thanks to the camoation between vehicles 1 and 2.

2.2.Cooperative ITS prototypes
ITS-EVAL testing platform implementation includduetdevelopment of two Cooperative
ITS prototypes using communication units based &WA/IEEE 802.11p technology for
V2V and V2I wireless communications. These protes/pan be used as On Board Units
(OBUSs) or RoadSide Units (RSUs) indistinctly, onhyanging the type of communication
antenna. Figure 4 shows a schematic of a Cooperéity prototype.
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Figure 4. Schematic of a vehicle instrumented aittOBU Cooperative ITS prototype

An OBU Cooperative ITS prototype is an experimesyatem that includes the hardware and
software elements needed for acquiring data frarvéhicle (such as GPS position, speed,
acceleration, etc.), process it, create commumicdtames and send/receive them in the
WAVE/802.11p communication unit, and finally pres#re information in an adequate
manner to the driver on an in-vehicle HMI. Datawsiion and logging takes place in
parallel.

3. VEHICULAR ITS SAFETY TESTS

Once the proposed platform has been describedharsklected cooperative applications and
required equipment have been defined, this septiesents the results obtained in the varied
field tests performed. In particular, section hibws the results in the conducted
communications performace assessment tests. Tésseevvaluate the system performance
under different operational conditions and commaitin parameters, e.g. vehicle speeds and
transmission powers. The communication performassessment tests are the basis for the
implementation and testing of the communicatiortgmols and advanced applications.
Section 3.2 shows the developed and implementedal@ication.

3.1. Reliability of Cooperative ITS systems
The main objective of the conducted communicatiesss is to evaluate the communication
performance of WAVE/802.11p systems under reatlitmms and obtain results and
conclusions that can be used as a first step émtiplementation of the selected applications.
Different communication test scenarios have beentiied and will be used to evaluate the




communication performance for the selected apptinat Next, the scenarios and tests
performed for the EEBL and ICA applications arespraed.

3.1.1. Car-following scenario/EEBL application
The car-following tests have been conducted forctramunications assessment tests of the
EEBL application. In these tests, two vehicles pgad with a Cooperative ITS prototype of
an OBU are following each other on a straight rd&ath vehicles periodically transmit
broadcast packets that contain their positionirdyspeed information. The communication
parameters employed in the different tests are showable 1. The speed and distance
between the two vehicles are also included.

Packet frequenc Data rate Transmission power Distance between
Test (Hz)q T beg) (dBm) P Speed (km/h) | opicles (m)
1 2 6 5 50 300
2 2 6 20 50 300
3 2 6 5 90 100-200

Table 1. Parameters for the car-following test

Figure 5 shows the results of the car-followingdewhere the lost and received packets are
depicted as a function of the distance betweetviberehicles and elapsed time. This figure
shows that a transmission power of 5dBm (test hptsenough to establish communication
between the two vehicles at distances of 300m Isecaiithe high number of lost packets.
However, Figure 5 shows that this transmission paeeald be adequate for a range of 100-
200m (test 3). When using a higher transmissiongpd20dBm, test 2), a continuous and
reliable communication of almost 300m can be aadeensuring that a warning message
could be delivered to the driver with enough timedact and avoid a dangerous situation.
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Figure 5. Distance between the two vehicles forctrefollowing communications assessment tests

3.1.2. Intersection scenario/ICA application
For the communication tests of ICA application, tvaticles are located at an initial distance
of 130m from where they start approaching the s#etion with a constant speed of 30km/h
and a consequent risk of collision. The communicagarameters considered in these tests
are shown in Table 2. The intersection Scenariecsedl contains a building that blocks the
radio signal propagation. Therefore, the two ves@re under NLOS (Non-Line Of Sight)
propagation conditions until they reach a 30m distato the intersection point.



Figure 6 shows the amount of lost and receivedgtacks a function of the remaining time to
the intersection point. Only lost and received gaskrom the first packet successfully
received are considered in the graph.

Test Packet frequency (Hz Data rate (Mbps)  Trassiom power (dBm)
1 5 6 10
2 5 6 20

Table 2. Parameters for the intersection tests

By using the selected parameters, a good packeptien is achieved, especially as the
vehicles approach the intersection. Figure 6 digovs that, while the first packet was
successfully received at 55m from the intersectwth a transmission power of 10dBm,

when a 20dBm transmission power is used this distarcreases up to 61m and the number
of lost packets decreases. These results reveaktitbfor adequate transmission power levels
to establish communication between two vehiclemaadequate distance from the
intersection to support ICA application.
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Figure 6. Distance to intersection for the intetisgccommunication assessment tests

3.2. Test results for the ICA functionality
This section is intended to show the implementedtionality for the ICA cooperative
application through a descriptive events flow dmelresults obtained from an application test
example.

3.2.1. ICA Events flow
The event flow triggered when two cooperative vigsi@pproach an intersection is shown in
Figure 7.
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Figure 7. ICA Events flow diagram

3.2.2. Application test example
According to the event flow diagram presented abthis section illustrates an example of
the implemented ICA functionality, in which bothwrs ignore the HMI ‘Caution’ alert and
keep their 20 km/h speed until they reach the setetion point. Therefore, both drivers will
be alerted with ‘Caution’ and ‘STOP’ messages in&o2 and 1 respectively. In this case,
the three warning zones were set with duration &#@&nds each. The scenario selected for
this test was an intersection with radio signaltrlzsion caused by a buildinghe
communication parameters for this test are showalrie 3.

Packet frequency (Hz Data rate (Mbps) Transmispimmer (dBm)
5 6 20
Table 3. Parameters for the ICA functionality test

Figure 8(a) shows distance from both vehicles ¢arlersection point versus time to the
intersection point. We can observe that both vekialere keeping constant speed and so
their distance and time to the intersection poietewery similar, with the consequent risk to
collide. Figure 5(b) shows the HMI messages digday the drivers in the different warning
zones and a hazard indicator, as well as receinddiost packets. We can observe that the
communication between the systems is initiateddan@rom the intersection point, at a speed
of 20km/h the two vehicles are able to exchangarmétion during more than 10s before
reaching the intersection point. This time is erfot@warn the drivers of a potential hazard.
During Zone 3, both systems are monitoring the amfiarameters and predict risk to
collision. At entering Zone 2 the on board HMI wathe drivers with a ‘Caution’ message,
and as the drivers do not react, both vehicles &uee 3 and receive the ‘STOP’ message.
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Figure 8. Test for the ICA application

4. CONCLUSIONS AND FUTURE WORK

The results shown in this paper reveal the poteoti@ooperative ITS vehicular systems to
support active traffic safety applications, anadlee suitability of the developed testing
platform for Cooperative ITS technology assessniem. ITS-EVAL platform is under
continuous expansion and improvement in order t@icthe necessities of the most up to
date developments in the field of Cooperative INNBwadays, some limitations of
infrastructure equipment have been identified anldbe addressed, as well as an expansion
of the set of applications and user cases covered.
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