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Abstract—On the road, near collision events (also close talor near-miss incidents) largely outnumber
actual crashes, yet most of them can never be rectad by current traffic data collection technologiesor
crashes analysis tools. The analysis of near coltias data is an important step in the process of deicing
the crash rate. There have been several studies that have investtgd near collisions; to our knowledge,
this is the first study that uses the functionalites provided by cooperative vehicles to collect neanisses
information. We use the VISSIM traffic simulator and a custom C++ engine to simulate cooperative
vehicles and their ability to detect near collisionevents. Our results showed that, within a simple
simulated environment, adequate information on nearcollision events can be collected using the
functionalities of cooperative perception systemsThe relationship between the ratio of detected evés
and the ratio of equipped vehicle was shown to clely follow a squared law, and the largest source @ion-
detection was packet loss instead of packet delagsd GPS imprecision.

Keywords: Near collisions, near-misses, cooperaygtems, V2V.

I. Introduction & rationale

Near collisions incidents have been demonstratdabtappropriate surrogate for injuries and
fatalities resulting from actual crashes, as thefJect similar driving errors and generate
extremes driving conditions [Dingus et al., 2006B]e argue that the task of identifying
crash causative factors could be supplementedkmitvledge related to near collisions. The
current lack of a comprehensive methodology capabd®llecting, cataloguing and reporting
standardised near collision incidents, severelytdirthe road safety practitioner’s ability to
develop, test and implement mitigation strategidswever collecting data about near
collisions could be expensive, time-consuming amd tbo speculative without timely,
accurate, complete, integrated and accessibletdatancludes location, vehicle dynamics,
road geometry, environmental conditions, and rdlaetivities associated with the driving
context. Indeed, even if near collision events égrgputnumbers actual crashes [Heinrich,
1931], most of current vehicle data collection agghes are focused on collecting data
related to actual crashes.

I.A. Definition of near collision incidents

It is important to define what a near collisionident or event refers to. Dinges al. defined

a near miss asa“rapid controlled or uncontrolled acceleration,agderation, swerve, lange
change, or stopping to avoid a crddingus et al., 1995]. However, they later refinthis
definition to distinguish between near crashesrafelant incidents [Dingus et al., 2006A]. A
near crash is defined aary circumstance that requires a rapid, evasive oeanre by the
subject vehicle, or any other vehicle, pedestr@mlist, or animal to avoid a crashOn the
other hand, a relevant incident is defined as:y"’ circumstance that requires a crash
avoidance response on the part of the subject ketaay other vehicle, pedestrian, cyclist, or
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animal that is less severe than a rapid evasive geawe but greater in severity than a
‘normal manoeuvre’ to avoid a crash

More generally, a near miss can be defined as plamned event when two vehicles came in
close proximity but did not collide, but had thetgrdial to do so if their behaviour had been
slightly different. As detailed in section Ill.Ayis study will use a broader definition that does
not make use of the emergency manoeuvre distinchiased solely on vehicles’ proximity
and trajectories.

I.B. Limitations of naturalistic studies

The NHTSA “100-Car Naturalistic Driving Study” [Dgus et al., 2006B] was undertaken
with the goal of obtaining data on driver perforroamand behaviour before a crash. A
hundred vehicles were fitted with data recordeas supplied multiple data on the driver and
its vehicle’s state. Similar studies have been talen in Europe [Trent et al., 2010] or the
USA [Lee et al., 2011].

Large scale naturalistic driving studies will geatera considerable amount of data, depending
on the way data are collected. NHTSA experience Isédown that less than 10% of the evens
that have been flagged as safety events or nelisiaolevents by automated data collection
systems are actually real safety events. In omlextract these events from the whole data, a
time-consuming human verification of video datanecessary. Considerable time and
resources could be saved with reliable automatatysis [Lee et al., 2011].

Our understanding is that cooperative systemsgusitlision prevention systems, could be
used to automatically distinguish between realtgadsents and false positive or, at least,
reduce their ratio to a more manageable numbers,Tihe aim of this paper is to show that
cooperative systems can be used as an inexpengiveagh to collect and sort data on near
collisions incidents, especially if the data cdliec systems are linked to driving assistance
systems providing safety functionalities. This wballow following the deployment rate of
systems providing an immediate safety benefit #mags, maximising their acceptability to the
general public.

I.C. Paper structure

In this paper, we will present the simulation eregime developed in order to demonstrate the
interest of using cooperative systems. Our simubagngine is divided in two independent
parts. At first, a simulation of road traffic (aes@rio) is generated with conditions appropriate
for the occurrence of near collisions. Then, thiengrio is run through a module that
simulates V2V, extended map-building and near sioltis detection.

Section Il presents how scenarios are generatetipsdll expands on the definition of near
collision event we use and mathematical backgrosedtion IV presents the functioning of
our communication and extended perception simulati®imulation results are detailed in
section V and the study’s limitations are discussedection VI. Eventually, section VII
concludes this paper and gives several avenudsttoe research.
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ll. Scenarios generation with a traffic simulator

In order to generate a road traffic scenario sletédr near collisions detection, we used the
VISSIM traffic simulator. Using a pre-existing tfiaf simulator allows saving time in design
and development and, most importantly, using cormpéhicular movements and behaviour
models. Indeed, our aim was to allow multi-laneipmin order to avoid limiting the study to
rear-end or intersections near collisions. Unfoatety, at the time of the study, we were not
able to use tools that combine traffic and V2V datars, such as SUMO, for logistical
reasons. Nonetheless, a future development sheybating this study in such software.

A three kilometres-long 2 lanes straight sectionfreeway was created, with only one
direction taken into account. Indeed, simulatinghttoaffic directions would be redundant. A
3,000 vehicles/hours flow is injected on this smttor 15 minutes; vehicles at the section’s
entrance are distributed exponentially. 90% of Wlebicles are light vehicles; the rest is
composed of lorries. Additional parameters useduie “European” driving rulds an
average looking distance of 100 metres both aheddack, a Wiedemann 99 [Olstam et al.,
2004] car following model. Drivers can suffer frammporary attention lapses with a 0.2
probability. This latter parameter was added ineottd increase the number of potential near
collisions by making hazardous conditions commohreteed, near collisions are more likely
than actual crashes (as shown in section I.A.JHmy still remain uncommon occurrence over
short time scales.

The simulation is updated every 0.1 second. At daulestamp, parameters from all the
vehicles present on the freeway section are owpuid a file. These parameters mostly
describe the vehicle’s identity, position and motio

[1l. Near collision definition and detection

I.LA. Definition of a near collision

In order to compute the number of near collisioargs, we have to formally define them, as
explained in section I. Within our study, we usgefinition that differs from the logic used by
Dinguset al. [Dingus et al., 1995; Dingus et al., 2006Ajter alia, where a near collision
involves evasive manoeuvres. We use a broaderiti@firalong the line of &ny conflict
between moving vehicles or situation of very ckseed/distance proximityDingus et al.,
2006A]. This is expressed within the simulatiorttes existence of a position that is projected
to be occupied by two different vehicles withinimé periodTTCmaxof two seconds. The
Time to Collision (TTC) is classical surrogate s$gfeneasure used in traffic micro-
simulations, notably with VISSIM [Eisele et al.,®0) Vanderschuren, 2007]

I1.B. Detection of a near collision

The position and speed of each vehicle are knowedoh timestamp. The position is known
for both the front and the rear of the vehicle. Each vehicle, vehicles in a 100 meters range

! Vehicles have the obligation to drive in the righost lane (or left-most lane in the UK or Austlivhen not
overtaking.
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are identified and potential near collisions witle focus vehicle are analysed for all vehicles
within range.

The trajectories of the selected vehicles are ptegeup ta7'7'C,,.. later, using the position
and speed at time t. It is assumed that the sga@det remains a good estimate of the speed
during the whole time period. The positi3 (X;,Y;) of the front of the first car at time
t+TTC,,.. is obtained as follows (see figure 1): from theipas A (X,, Y,) of the rear of

the vehicle at tim¢ , the lengthL of the vehicle and the spev(VXa, Vy.) of the vehicle at
timet

Xb=Xa+ L-cosb + Vx, - TTCmax
Yb=Ya+ L-sin+ Vy, - TTCmax

with

7 = (_‘{Xav VYa)
0= (7,V)
L length of the vehicle

The same calculations are done for the second leefpoints X (X,,Y,) andY (X,,Y,) in
Figure 1). A near collision, as defined in lll.Acaurs when there is an intersect hbetween
the two projected trajectories. Two cases haveetstbdied: (i) when the trajectories are not
parallel and (ii) when they are parallel.

The first case is presented in figure 1. The twedlions from the two vehicles have an
intersection and a near collision occurs if thigdetigection belongs to the projected
trajectories:

X(XX,YX) B(Xb,Yb)

Y(Xy,Yy)

Projected trajectories

A(Xa,Ya)

Figure 1 — Trajectories projection
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Near collision < I € [AB] and[ € [XY]
& J(a,y) € ﬁ—aﬁand)ﬁ 7
(Xb— Xa) a—l—(Xx—Xy) v=Xz— Xa
Yb—Ya)-a+ Yoz —Yy)-y=Yzr—Ya
0<a<l1
0<~y<1

With parallel trajectories, two different cases possible. One car can be behind another and
a near collision can occur. Otherwise the two carsbe side by side and no near collision is
possible.

In the case of potential near collision, a nealisioh is recorded when the following car

reaches the position of the rear of the leadingckehvithin the7T7C,,,.... time period, which
was at a distance of the following vehicle at tim# Therefore:

(p— L)

d
Near collision < v < TTCpaz, with V speed of the following vehicle

I\VV. Cooperative systems (V2V) simulation

The cooperative systems simulation module is baseal two components C++ program. The
first component is dedicated to extracting the diaden all vehicles at each time stamps and
sending it to the second component where the aowlatle-to-vehicle and extended map
building simulation takes place. We will only daberhow the second component functions,
as the first component is trivial.

B v2v_Simulation_1 X

WAV Simulation
14

pEguipementR atio

pCommRadius 1000 |

phesiredTTe

prommlossProbatilty

pLatencyProkabiity

pERSError

fThreshold

plizeRandomSeed

pllzerDefinedzeed ' _98?21- 54_51 1.

thireaded

priority !_ 128' ]
| ok || Cancel ][ Apply l

Figure 2 — Cooperative systems simulation user-sparameters
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IV.A. V2V simulation

IV.A.1. Distribution of equipped vehicles

At the program’s start-up, vehicles are randomlgcaited cooperative perception systems. In
order to simplify the code, allocation is alwaysfpemed for 3,000 vehicles whatever the
exact number of vehicles that is injected on thedreection during the scenario as 3,000 is
the maximum number. A uniformly distributed randoomber is generated for reach vehicle;
this number is then compared to a threshold. If ilsedom number is inferior to this
threshold, the vehicle is flagged as being equippkiad a cooperative perception system. The
threshold is a function of the desired equipmetibraet by the user.

The seed used to generate random numbers can éetpgzhautomatically or set manually. In
the former case, it is based on the host computdosk. The influence of using different

seeds (and thus generating vastly different repars of equipped vehicles) at the same
equipment ratio is discussed in section IV.B.

IV.A.2. Communications range

For the purpose of this study, equipped vehicles assumed to broadcast position

information every 0.1 seconds (every simulationeBtamp). As typical delays [Biswas et al.,

2006; Schmilz et al., 2006; Demmel et al., 201&]iarmost case smaller than one simulation
step, we are not taking them into account. Raaeger delays are still simulated as described
in next section.

The communication range is determined with a atatsBoolean model. Each vehicle

computes the distance between itself and all otbbicles at the current timestamp; vehicles
distant then less than a threshold are flaggedithsnveommunication range, vehicles distant
more than the same threshold are flagged as orgngfe. All vehicles within range can be

exchange information with the focus vehicle. Vedsgctemain in direct line of sight for the

whole duration of the simulation, and routing issaee not taken into account.

This is the simplest possible simulation of radimnenunication [Busson, 2009] and is well
suited to a straight section of freeway scenarize Tadio range can be set as a parameter
within the simulation. The default range, whichlveé used for the rest of this paper, is set at
100 metres. This is about half the typical outdoorge for 802.11g transmitters; outdoor
measurements performed at IFSTTAR with 2 dBi gaiteranas showed ranges from 60 to 80
metres.

IV.A.3. Communications and sensors imperfections

Before vehicles are updated of the position andawehlirs of vehicles in communication
range, imperfections can be applied on the infoionatransfer. Most issues related to lower
layers of the communication architecture, such agiom access and collision control, are
not simulated. Nonetheless, two parameters can bed uto simulated imperfect
communications: (i) a probability of message lossl gii) a probability of latency.
Additionally, an error can be added to the vehiclessition and speed as outputted by
VISSIM in order to simulate the presence of GP$¢neacies.
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At each timestamp, two uniformly distributed randorambers are generated for each
equipped vehicle. These numbers are tested agdiesthreshold based on the loss and
latency probabilities. Messages loss and lateranesimulated for each vehicle once, not for
each individual exchange between two vehicles. Uth sthey represent a complete loss of
remote perceptive information during one timestamp;a delay of all remote perceptive
information for one timestamp. The remote informatihat should have been transmitted to a
“delayed” vehicle during the current timestamptmad in a buffer to be delivered at the next
timestamp, after which normal transmission resuniedays larger than 0.1 second (one
simulation step) cannot be simulated at the monmérg. probability of latency will be based
on measurements we performed in a similar scemating02.11g, with a pessimistic average
of 10% of messages showing latencies greater tlHase@ond [Demmel et al., 2011].

Non-communication related errors can also be addetthe vehicles’ position and speed.
Contrary to communication errors, these errorssgsgematically present. However, they can
be modified by changing a standard deviation patamef this value is left to zero,
positioning and speed errors are effectively rerdove

Positioning (GPS) and speed measurement errodisarbuted normally [Taylor, 2001]. The
Box-Muller transform [Box et al., 1958] is usedd@ate three normally distributed numbers
from random numbers generated with a uniform diatron. Errors applied to the position
and speed are functions of the standard deviatoanpeter and the aforementioned normally
distributed numbers. They are recomputed for eanhlation step.

With all the imperfections parameters set to Ofgmérconditions will be simulated. These
conditions can be used to determine the absolutéauof near collision events.

IV.B. Extended perception simulation

Once vehicles have been attributed with coopergtmeeption systems, determined their
neighbours in radio range and imperfections haws lgeenerated, the vehicles’ extended map
is updated. From the point of view of vehicléhe extended map is an array of structure, left
empty if vehiclej is not within radio range or updated with dataevaht to vehiclg
behaviour in the contrary. Figure 3 shows the mesteictures used for the map.

struct mapobj ect {
int mgloballD;
fl oat m xFront Pos;
fl oat m.yFront Pos;
fl oat m xRear Pos;
fl oat m yRear Pos;
float mvelocity;

}s

struct map{

int megoVehl D,

bool m egoCar;

bool m egoLorry;

mapobj ect m egoVehDat a;

mapobj ect m renot eVehDat a[ 3000] ;
h

map g_current Map[ 3000]

Figure 3 — Extended map nested structures
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Maps are updated with the data extracted fromithelator modified by any imperfection, if
present, first for vehicle, then for all vehicles within radio range iofAs we always use
3,000 indices-long arrays, including nested onemputation are quickened using only the
upper half of thaj matrix and by determining the IDs of vehicles prdson the freeway
section at anyt. Only indices bounded by minCID and _maxCID aomsidered, which
greatly reduces computation time. Vehicles with idghin the above bounds but not present
on the section anymore are purged from the vehiglaps at this time too.

IV.C. Near collisions detection

Once all equipped vehicles have had their mapstagdaear collision events detection can
start. The mathematical aspects have already betiladl in section 11l.B; these equations
are transposed in C++ code. Near collision detedsodivided in three sequential stages,
performed at each simulation time step: (i) progacbf vehicle’s trajectories, (ii) detection of
potential and actual intersections and (iii) filbgr of new events.

Projection of the vehicles position is done by darimear extrapolation for the next TTCmax
seconds (2 seconds, by default). This is perforfoedll vehicles present on the freeway
section at the current simulation step.

Then, the program checks whether the projecteccdi@jies intersect. Firstly, only the
directions are tested with a determinant computatiben the actual projected segment are
checked with the computation ofandg (see III.B for more details). If both tests passear
collision event is detected.

The third step is checking whether detected neliisiom events are new. Because of the
simulation’s characteristics, the same near cohisevent with two vehicles andj can be
detected at timestantplost at timestamptl and detected again at timestatm@. Thet+2
detection is obviously not a new event, as only €e2onds have passed since the first
detection. We must thus distinguish real new evéota events that are getting re-detected
after a brief interruption. In order to do so, adbnensional array stores the number of
simulation step for which one specific near caliisevent between vehicleandj have been
detected. In order to be flagged as a real newteaarevent has to be detected twenty times
in a row (or last for 2 seconds of simulation tim&his allows removing any false alarm
related to small variations of direction producedtbe GPS imperfections and boundary
events. The number of simulation step threshokktsat 20 by default by can be set by the
user. Once the filtering is done, a simple for l@opints the number of new events and add it
to the running total of near collision events.

V. Simulation results

V.A. General results analysis

V.A.1l. Relationship between the ratio of equippedales and the number of detected near
collisions

Figure 4 presents the results obtained with oneast® For each run through the simulation
module, most parameters remained identical; thenrolaange was the equipment ratio that
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was incremented gradually from 5 to 100%. The sessdl for equipped vehicles distribution
is the same between the red and blue curves; tiffiey oh the presence of communications
and GPS imperfections. The red curve is obtained ftperfect” situation with an errorless
GPS and no communication issues; the blue curvebined for an imperfection
environment with the following parameters: GPS dtad deviation: 3.0 metres; probability
of message loss: 0.01; probability of delay: 0.Bbboth cases, the default parameters are
used for the communication radius (100 metres), MT&L (2.0 seconds) and the new event
threshold (20).

They =z andy = % curves are also shown, respectively in black aeg.grhe simulated

curves display a behaviour similar tgy = 2 curve, which is expected. Indeed in the absence
of exteroceptive sensors for a near collision everiie detected, the two concerned vehicles
need to be equipped. Only events contained withénintersection of the sets of total near
collision events concerning each vehicland| can actually be detected. Thus, the total
number of detectable events is the union of allettpgipped vehicle events sets intersections.
Furthermore, the probability of two vehicles in @an collision event to be equipped is the
square of the probability for a single vehicle todguipped.

100
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80 + —— —— — - - - - e T S > _ _
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Figure 4 — Percentage of detected events versus #guipment ratio, with (blue) and without (red)
imperfections.

However, the obtained curves shows that even fperect situation, the percentage of

detected near collisions remains inferior to y = 5 curve, with the largest difference

observed around 50% of equipped vehicles. At thistpwe have to question whether this
difference is systematic or only the produce of specific distribution of equipped vehicles.
Indeed, we can assume that some vehicles mightobe ‘faccidentogenic” than others, and if
these vehicles are not equipped with cooperativeegpéion, the near collision events they
produce will not be recorded. In order to verifysthwe study the influence of the equipped
vehicles distribution in section V.B.

V.A.2. Communications imperfection influence
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On figure 4, we can see that the communication@R8& imperfections decrease by 8.4% the
number of detected events compared to a perfetsin with a 100% equipment ratio. Our
results show that, in the way they are presenttyukited, transmission delays have a very
limited influence on the detection of near collisso On the other hand, message loss impacts
the detection considerably more. A few simulatiesults are shown in table I; they have been
computed with a fixed seed at a 95% equipment.ratio

Table | — Events detection for varied loss and dglababilities

Loss probability| 0.05 0.10 0.15 0 0 0
Delay probability 0 0 0 0.05 0.10 0.15
Events detected | 12,430 | 11,658 | 10,794 | 13,267 | 13,277 | 13,293

Percentage of total | 84.88 79.60 73.70 90.59 90.66 90.77

The same scenario with perfect conditions yield283 events, or 90.68 % of the total
numbers of near collision events in this scendrios value is very close to the ones obtained
with only delayed messages, which only change @8%. while the delay probability
increases from 0.05 to 0.15 at each simulation €depthe other hand, losing messages has a
stronger influence on the detected events. With1l& @robability of loss (generally higher
than what we can expect as short ranges [Schmid. e2006]) at each timestamp, 2,486
events are also lost. Detected events decreasé.b8% when the loss probability increases
by 0.10 from 0.05 to 0.15.

With delays but no loss, increasing the delay podibg actually increases the number of
detected events, from a value slightly lower thia@ perfect case to a value slightly higher
than the perfect case. Because of the new evesghbid, some of the delayed messages that
would otherwise have been ignored are instead eduat a new event. Thus, a limited
numbers of near collisions are counted twice, & fapositive. Some events are also lost,
accounting for the -0.09% difference at 0.05 dedaybability, but this effect is eventually
counteracted by the previous one when the delaygtibty becomes large enough.

V.A.3. GPS imperfections influence

Table Il presents the results of simulations whengerfections are limited to GPS ones. The
same seed is used for all simulations and the awnpratio is 50%

Table 1l — Events detection for varied GPS impdibes
Standard deviation (m) 0 1 2 3 5 10 20
Events detected | 2,863 2,635 2,609 2,572 2,570 2,439 2,308
Percentage of total | 19.55 17.99 17.81 17.56 17.55 16.65 15.76

With a 5 metres standard deviation, GPS imperfasti@duce by 2% the number of detected
events. With a large 20 metres standard deviatinlikely in open freeway environments, the
reduction reaches only 3.79%. This shows that wiBRRS imperfection contributes to
reducing the number of detected events, they docaotribute as much as message loss,
which remains the dominating factor.

This limited effect of GPS imperfections also shdtes robustness of our definition of a near
collision event. With a 20 metres standard devimtame could expect that a large number of
events would not be detected because the projegettories do not intersect anymore.
While it gives no indication on the quality of oewvent definition (see section VI), it shows

10
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that most of the events detected are not fringentsvéhat would be removed by large
imprecision. However, it is impossible to distingjuipositive from false positive, so the
proportion of false positive in the detected evantkigh imperfections conditions could be
higher than in normal conditions.

V.B. Influence of varying distributions of equippedvehicles

Studying the influence of the equipped vehiclesrithstion on the number of detected events
is simple: one must just modify the seed usedHerrandom selection of equipped vehicles
(see IV.A.1). Figure 5 shows the effect of diffdreseeds on the cumulative number of
detected near collisions with the same scenarioy fdifferent seeds with no imperfections
and a 50% equipment ratio. Although the final amiaamies from 2,500 to 3,500, most of the
curves follow a similar pattern. The seeds weresehaas random strings of 8+ figures. The
red curve shows the most differentiation from thierage, with a sharp rise between the"200
and 408 seconds compared to the other curves. This ifyltke result of having a group of
vehicles engaged in a high number of near colli®oents at this timeframe that were
insufficiently equipped with the other seeds.

4000
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2500 -

2000 -

1500 +

# of detected near collisions
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0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Timestamps (0.1s)

Figure 5 — Cumulative number of detected events for different seeds over the same scenario

11
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Figure 6 — Percentage of detected events versus #mguipment ratio, with 2 different seeds (no
imperfections)

Figure 6 shows the percentage of detected evelalsvedy to the equipment ratio, for two
7_,2

different seeds. Both curves remain under y = ;5; curve shown in grey. While their

different with the said reference curve varies delpgy on the equipment ratio, both curves
ultimately converge toward the final, absolute ealhis is confirmed by figure 7, which
display the envelope of half a dozen curves obthwi¢h different seeds. The lower envelop,

~ at 75% of equipped vehicles. The high

in red, has its largest difference (~11%) fr(%u
envelop follows% much more closely, with a maximum difference ofyoB%. The seed

used to generate this curve is likely to be clasthé seed required for obtaining the optimal
detection of near collisions events for that spetraffic scenario.

12
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Figure 7 — Percentage of detected events versus #gguipment ratio, maximum and minimum envelope

VI. Limitations

One obvious limitation of this study relates to thesumptions taken with the radio
communications, which are purportedly kept reldyiveimple. Nonetheless, the present
assumptions have not hindered the system from imeirig as expected. Other limitations are
related to VISSIM’s characteristics and the detecof false positive.

It is important to note that VISSIM is not able donulate crashes. When the simulator’s
parameters are pushed to the extremes (with vege lgaffic densities or high attention
lapses) vehicles might overlap each other. Howethgase events are not recorded by the
simulator and the concerned vehicles will contirtheir motion unimpaired as if the
overlapping was inexistent. Even if they could le¢edted througla posterioriexamination,

as they do not impact the traffic flow, they canbet used to represent realistic crashes.
Nonetheless, braking events leading to near cofligionditions are within the simulator’s
scope.

Another limitation of this study is that some otthear collision incidents detected using
cooperative systems might be false positive. In ghesent framework, we cannot verify
whether the detected events are real near coléisialy transitory situations that will quickly
move away from near collision conditions. Furtresaarch is required to evaluate the effects
of the different parameters on the detections’ emyu Research should also try to assess
whether detection of near collision incidents usiogoperative systems are recorded
accurately in terms of time. Such study could helglesigning active cooperative systems
that would be more efficient in reducing likelihooficrashes on the road.
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VII. Conclusion

In this paper, we have presented a novel cooperaghicle system simulation to detect near
collisions events. Our approach alleviates thetétrons of naturalistic driving and driving
simulator experiments. Our results have showntthiatapproach is feasible and can produce
useful results, albeit more work will be necesgargllow more realistic simulations.

We have shown that without exteroceptive sensbesrelationship between the equipment
ratio and the number of near collisions detectdldvie a square curve. We have determined
that with the present parameters, the number afctled events always remains under the
“optimal” squared curve. We also showed that tistrifbution of equipped vehicle within the
traffic flow is the biggest influence factor. Nohetess, communications imperfections can
have a significant influence too, as message l@ssstow to decrease the number of detected
events by up to 10%. GPS imperfections and mesdafgyy were shown to have a less
significant effect, although they might increase ginoportion of false positive in the detected
events.

Future research will concern expanding the comnatioic simulation in order to reach a
more realistic depiction of radio technologies g@ndtocols used in the ITS field. This could
take the form of creating a more realistic simoakatimodule or transferring the current
scenario to combined traffic-V2V simulators such 2ldMO. Another aspect will be the
introduction of exteroceptive sensors. With therent work, vehicles require information
from other vehicles to perceive their environmditthey are fitted with exteroceptive
sensors, such as radars or laserscanners, vebaregerceive themselves at least a part of
their immediate environment and detect near collistvents that would be impossible to
detect otherwise (unless all vehicles were equigpeccommunicating their position). We
expect that curves such as shown in figures 4d6ranill have a more linear behaviour when
exteroceptive sensors are included and should t@ndrd the theoretical number of near-
miss that can be detected. Furthermore, the systdimeed to be modified in order to
distinguish actual incidents from false positivereRtually, the present system can be used
over more complex road networks (e.g. intersecjianthout modifications.
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