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Abstract

Vehicle-to-vehicle (V2V) communication technology
has brought new developments for collision warning and
avoidance system due to its broader environment

information and perception range. Yet it also has limitations:

packet loss, time delay and limited communication
distance. This paper focuses on the effect of communication
imperfections on collision warning and avoidance
strategies. To better understand the avoidance behaviors,
we propose two typical scenarios: vehicle following
scenario and intersection scenario. In former scenario, a
classical collision warning strategy, i.e., distance-base
crash alert and avoidance algorithm is proposed; and in
the latter scenario, a priority of vehicles using V2V
communication 1is analyzed. Then the numerical
experiments are carried out, which reveal the
performance of warning and avoidance in different
communication imperfections such as pack loss, time
delay, limited communication distance. The results
further demonstrate our model can be used to help avoid
collisions and relieve traffic congestion.

Keywords: Collision warning and avoidance strategy,

Advanced driver assistance  systems,
Communication imperfection, Time to
collision

1 Introduction

With the rapid increase in traffic density, vehicle
safety has become an important factor in modern
intelligent transportation system. The Collision Warning
and Avoidance System (CWAS) has gained more and
more attentions due to its great potential of safety
improvement. Indeed, CWAS are designed to predict
an imminent crash, provide warnings to drivers, avoid
vehicle crashes and minimize the impact of accidents
[1-2]. The CWAS can be divided two classes dependent
on whether or not to communicate to each other, i.e.,
Non-DSRC-equipped vehicles and DSRC-equipped
vehicles. The former only uses the sensed data from

multiple adjacent vehicles, and the latter not only
applies the range data but considers the communication
message from other vehicles. Both the two vehicles are
able to adopts automatic braking mechanism to avoid
collision when emergency occurs [3]. With the
application of the vehicular wireless technologies,
DSRC-equipped vehicles will become a hot topic in
near future. In this paper, we focus on the collision
warning and avoidance strategies of DSRC-equipped
vehicles at following and intersection situations.
However, sensors such as radar and camera used for
environment information collection may bring about
some imperfections such as pack loss, time delay and
limited sensing range. Hence, we further investigate
the effect of communication imperfections on collision
warning and avoidance strategies in this paper.

Early works on collision warning and avoidance
strategies date back to the 1970s [4-6]. Since then,
many different algorithms and strategies on collision
warning and avoidance strategies have been reported in
the following literature. Ararat et al. [7] and Jamson et
al. [8] calculate a threshold distance based on vehicle
motion and the variables related to human
characteristics, once the distance is smaller than the
limit value calculated according to the type of system
used, an alarm is activated. Then, Ward et al. [9] adopt
Time to Collision (TTC) that represents the time
required for two vehicles to collide if they continue at
their present speed and on the same path and calculate
Time to Collision for unconstrained vehicle motion.
Many studies evaluated these CWAS models. Four
forward collision-avoidance distance models, MAZDA,
HONDA, JHU and JAGUAR, are evaluated against the
identified “threatening” and “safe” data sets by Lee
and Peng [10].

Recently, more and more studies focus on applying
V2V technology in CWAS. For example, Zhang et al.
[11] pointed that host vehicle (HV) can send or receive
the basic safety message (BSM) from the remote
vehicles (RVs). The collision warning predicted
framework they proposed can provides connected
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automated vehicle and alert driver when car is in
danger zone. After pre-processor RV BSM data,
transforms the RV position and calculates the relative
position, distance and speed. Then, vehicle collision
can be detected in real time and the vehicle can prevent
the potential conflict accordingly by using this
information.

On the other hand, intersection is another critical
scenario of high collision risk. For intersection
scenario, Hafner ef al. [12-13] proposed cooperative
control algorithms taking system uncertainty and delay
into consideration for collision avoidance at intersections;
and Liu et al. [8] developed a collision warning strategy
by applying a time model comparing TTC with time
threshold and proposed two predictor feedback control
strategies that overcome the destabilizing effect of the
time delay caused by the packet losses. With V2V
communications technology, Azimi et al. [14-15]
developed the vehicular protocols that can be used to
avoid conflict during intersection crossing and
concluded from simulations that compared with
traditional intersections with traffic lights and stop
signs, intersections with communication protocols bear
higher traffic efficiency. Furthermore, to identify the
role of human factors in the timing of collision alerting
in car following or intersections scenario, many
existing papers indicate that V2V communications
exert positive influence in crash alarm and avoidance
[16-20].

However, owing to the communication limitation
such as pack loss, time delay and communication
distance, the collision warning and avoidance messages
are influenced. Generally, DSRC is under 802.11p
standard and issued by Institute of Electrical and
Electronics Engineers (IEEE), it only works in the
distance of 300 m between two cars in following
scenario, but for intersection communication distance
required is slightly shorter [21]. Message reception can
be completed when the distance between two cars is in
the vicinity of 300m, while its success rate decreases
from approximately 80% at Om to about 50% at 250m
[22]. Another study found that when sensing range
reaches 1000m, the rate of successful message
reception is only 14% as WAVE typically delays 50ms
[23]. Tang and Yip [21] set the delay of V2V
communication at 25-300ms. The updating interval of
DSRC is typically 100-1000ms. Some researchers
examined the stability of control system when
communication uncertainties, such as packet loss,
stochastic delay [24-25] is caused by adopting zero-
order hold. Tang and Yip explored the collision
avoidance timing of DSRC-based vehicles and
procedures in collision avoidance system with V2V
communications.

Due to these defects in vehicle communication
technology, it may result in a great impact on the
collision warning and avoidance methods. Nevertheless,
there is little study on the topic of V2V communication

played in crash alerting and avoidance coping (CITE).
This research aims to address how these communication
imperfections exert influence on the effect of collision
warning and avoidance methods in the following and
intersection  scenarios. Then we  describe an
implementation of Intersection Collision Avoidance to
cover a wider range of intersection collision scenarios
and study the effects of stochastic delays on the
dynamics of connected vehicles by using both the mean
and covariance dynamics. Finally, we also obtain
requirements for the sampling frequency and reliability
of DSRC devices.

The rest of this paper is structured as follows.
Section 2 illustrates the definition of key concepts of
crash alerting and avoidance coping in cars following
and intersection situations. Section 3 presents scenarios
and parameters for simulation. The results of
simulation and analysis will be displayed in Section 4.
At the end, Section 5 concludes this paper.

2 Collision
Strategies

Warning and Avoidance

In this Section, we proposed two scenarios, i.e.,
vehicle following and intersection to explore the effect
of collision waring and avoidance strategies. We first
introduce mathematical models of the two scenarios
and then discuss the theoretical results in detail.

2.1 Vehicle Following Scenario

Suppose that one car is following its nearest
preceding car in a single lane, the collision alert
algorithm supports the driver of the rear car by issuing
early warnings when the speed of leading car begins to
decelerate. An accident can also be avoided through
automatic braking carried out by collision avoidance
system under the condition that the driver fails to take
actions. Referring to Wu et al [26], a warning
algorithm that uses a conservative warning distance
and a non-conservative braking distance is introduced
as follows:

2 2
LA Ll ) )
a

"2y

where v is the velocity of the rear car, v, is the

relative velocity v, =v—v o is the maximum

preceding
deceleration of both cars, 7 is the system and driver
delay, and d, is the headway offset. Note among many

following models, the non-conservative braking
distance can reduce brake control intrusion on normal
driving maneuvers, and the algorithm was modified to
include scaling functions which is suitable to account
for the variation in tire road friction and driving styles.
The kinematic analysis assumes the CW/CA vehicle
is initially at point x,, and has velocity v,. The lead
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vehicle has initial position x,, and velocity v, . At
time=0, the lead vehicle brakes with a deceleration of
a, while the CW/CA vehicle continues at the same

velocity. Under these conditions, the vehicles have the
following paths as functions of time:

x(0)=x,+v 1, )
x () =x,+V, 1, 3
x,(t)=xy +v, 1—0.5-a, 1. 4)

At the time of collision ¢,, this leads to:

xt)-xt)=d-v,,-t.—05.a,.t*, 5)

rel

where d=x,, —x, and v, =v,—v, . In accordance

with the proposition above, assume the time-to

collision 7, is equal to the total warning delay 7, +7,,.

The system delay is given by 7, and the human

Sys
response delay is given by 7, . The braking distance
(d,, ) is defined as bellows:

)+0.5xa,(t, +1,, ),  (6)

dbr = Vrel X (t +1 sys

Sps hum

where 7, represents system delay, 7, human

response time, and ¢, the supposed deceleration of the

lead vehicle. Seller et al. elaborated that 7=7,, +7,,

and a, =a . The suggested parameter values are:

Tm =18, 7, =028, @ = 6m/s*, d; =5m. The driver

1

of the rear vehicle is supposed to receive warning
signals when the spacing between two cars is smaller

than d_ , while automatic braking is designed to avoid

accidents in the case of the distance reaching d,, .

2.2 Intersection Scenario

At intersections, cars are crossing an intersection
from different directions. Sometimes it is difficult for
drivers to notice other cars coming from the crossing
road due to occlusion of buildings and limitation of
visual field. Therefore, a collision warning system can
be applied to avoid such dangerous situations using the
information gathered through V2V communications.
Warning signals will be sent to drivers if other cars are
likely going to collide with the host one. When the
system identifies an emergency, automatic braking will
be applied to avoid collisions. The concepts of priority
and dangerous zone will be presented prior to
introduction of collision warning and avoidance
strategies adopted in this paper.

Figure 1 displays the scenario of two cars crossing
an intersection. Suppose that the two cars will go
straight, then the positions of potential collision are

marked in Figure 1. Let /,,/, stand for the lengths of
vehicle A and B, w;,w, the widths, and x,,x, the
positions of the head of vehicles A and B. The origins
of both x, and x, are set at the positions of potential
collision. Assume that vehicle A reaches its position of
potential collision earlier than vehicle B, then collision
happens if —(/, +w,)<x, <0 when x, =0. Therefore,
the dangerous zone for vehicle A is [—(/,+w,),0].
Likewise, the dangerous zone for vehicle B is
[—(/, +w,),0] . For safety, the dangerous zone of
vehicle A is expanded to [—(2/, +w,), 0] and vehicle B

[-(2, +w), 0].

I
(A
Position of

poJe ntial collision|

=
[[(om)]
B

o
>

0 -—

T lz
Y,

Eolam)

Figure 2. Illustration of dangerous zone

Priority, as defined in Eq. (7), is used to predict the
vehicle which will pass the intersection first and the
time interval between the two cars crossing the
intersection. Priority will be measured continuously
before cars reach the positions of potential collision.
Assume that the cars will maintain their current speed,
then if vehicle A is predicted to pass the position of
potential collision earlier than vehicle B, the priorities
of vehicle A and B ( priority, and priority, ) are

defined as below:

_xl (tc)
20 +w,’

priority = Y
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priority, =—priority,, @3

where x,(7,)=0 and x,(7,)<0.

Likewise, if vehicle B is predicted to pass the
position of potential collision earlier than vehicle A at
constant speed, the priorities of the two vehicles are
expressed as the following equations:

Lo —X, (t.)
=2 el 9
priority, 2 +w )
priority, = —priority,, (10)

where x,(¢,)=0 and x,(z,)<0.
When 0<| priority, |<1(i=1,2), one car will be in
the dangerous zone and the other arrives at the position

of potential collision, indicating a high risk of collision.

There is also another parameter used in collision
warning TTA [27], which means the time consumed
when a car eliminates accidents:

TTA=1t,+t +1,+1, +1,, an

where ¢ is the time required for the software to
produce, transmit and identify an alarm signal; /. and
t, are the time for a driver to receive messages; /, is

the time needed for braking system to response, and
t,=0.12+0.16v, the time required for cars to stop

completely. As Liu et al. [27] suggested, ¢ can be
ignored, 7. =1.1s,7, =0.09s , and 7, is between 0.8-2s

(1.5s in this paper). TTA is to be compared with TTC
for decision of warning release. TTC is defined as the
time required for cars to reach the position of potential
collision in this paper, i.e., TTC, =x,/v,,(i=10r2).
Warning signals will be released if:

{0£|przorztyl.| <1 (i=1 or 2)' 12)
TTC, < TTA,

However, if the cars do not run at constant speed,
the priority would vary over time. It can therefore be
observed that collision avoidance algorithm is based on
adjustment of priority. This algorithm aims to lead the
higher-priority car out of the dangerous zone when the
lower-priority one reaches the position of potential
collision. Nonetheless, only one of the two cars (host
vehicle, assume it to be vehicle B) is controlled by the
algorithm. Vehicle B would continuously calculate the
acceleration it needs to leave the dangerous zone when
vehicle A reaches the position of potential collision if
priority, >0, or the deceleration it needs to arrive at
the position of potential collision after vehicle A leaves
the dangerous zone if priority, <0. The calculation

holds when the host vehicle accelerates or decelerates
at constant speed and vehicle A keeps its current speed.
The calculation is shown in Eq. (12).

2(x, (1) -, (1) x1,,) -
R 2 , priority, <0,

1t
_ an 13
=) 201+ 2, +w, —vy (0)x0, ) 13

2 B

priority, >0,

tbn
where 7, refers to the expected time required for
vehicle A to leave the dangerous zone
t = (X (0)+21 +w,) / v (?), and ¢, the expected time
required for vehicle A to reach the position of potential
collision 7,, =x,(f)/v,(#) . The collision avoidance
system will take actions when the condition
0<| priority, |<1(i=1,2) has continuously been met
for more than 0.5s and |, |>1m/s’. Before avoidance

system works, potential collision and emergency
should be identified to avoid unnecessary disturbance.
Meanwhile, the minimum and maximum value of «,

shall be restricted, namely a, _<a,(f)<a

2max* °

Variable ¢, will be updated in real time.

3 Simulation Experiment

3.1 Vehicle Following Scenario

Suppose that two cars are running in a single lane of
roadways toward same direction in 2-D movement, in
which the distance between the host vehicle and the

target one, both have the same initials speed v,, is 4.
When the host vehicle is travelling at a constant speed,
the target car begins to decelerate at a speed ¢; when

t =0 . This situation will continue until accident is
about to occur, then the driver of the host vehicle is
expected to receive alarm signals prior to automatic
braking. During the experiment, these parameters are

set as: h=150m,v, =60 or 100km/h, o, =2 or 6m/s’,
a = 6m/s”.

3.2 Intersection Scenario

As presented in Section 2.2, two cars are running
toward an intersection. The target car moves at three

speeds, namely, constant speed v, , , constant deceleration
o, starting from # and constant speed v, starting
from #,. The initial distance of the target car from the
intersection (i.e. the position of potential collision) x; ,

is set to ensure that the car will arrive at the position of
potential collision when 7, =10s. The host car runs at

constant speed v, in the absence of emergency. The

initial distance of the host car from the intersection v, ,

is set to ensure that the two cars will arrive at the
position of potential collision at the same time, then
Collision happens. Collision warning and avoidance
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actions will subsequently be taken once relevant
conditions are met. The above parameters are set as:
V=36, 54 or 72km/, v, 6=v,,=18, 36 or

54km/h, o, =lm/s’, t,=2s,t,=7s. Then the initial
distance of the two cars from the intersection could be
calculated:

X o=Vt + 0.5-(v]’0 +v,) (6 =t)+v, - (t;—1,)
=72.5,122.50r172.5m,

X, =Vy £ =50, 100 or 150m. as)

3.3 Parameters Concerning V2V
Communications

V2V communication can be used to collect cars’
speed and location information required by collision
warning and avoidance system. Therefore, in order to
investigate how the deteriorating communication will
exert influence on crash alerting and avoidance
algorithms, more attention should be given to two
factors: time delay and packet drop rate. we investigate
the effect of both the data rate and transmission power
in different scenarios. The simulation results show that
transmission power and data rate can be tailored to
increase the reliability of the communication for the
collision avoidance system. In the following
simulations, suppose that time delay is 0.1s-1s, packet
drop rate 20%-80%, communication distance 50m-
300m, and message updating rate 10Hz, then V2V
communication begins to sample information concerning
the position and speed of relevant vehicles. of which
location is added noise subject to normal distribution
with standard deviation of 0.5m, and speed the noise
subject to normal distribution with standard deviation
of 0.5m/s.

4 Simulation Results

4.1 Vehicle Following Scenario

In order to obtain more accurate statistics, four groups
of dynamic conditions: @ v, =60km/h, ¢, =2m/s*; @
v, =60km/h, ¢, =6m/s*; @ v, =100km/h, @, =2m/s’;
@yv, =100km/h, @, =6m/s’, are expected to simulate

for 200 times in all simulations. After the calculation
and analysis of collected statistics, the following bar
chart gives information on the change of time and
distance when warning and avoidance actions are
reacted under ideal conditions in vehicle following
scenario: the first dark bar blue of each group shows
the alerting time and the second the automatic braking
time, and the two light blue bars of each group stand
for the spacing between the lead vehicle and the
driver’s vehicle when alerting signals (the first bar) and
automatic braking (the second bar) are carried out

respectively.

According to this chart, time delay, packet loss and
limited sensing range will not affect the accuracy of the
information concerning vehicle location and speed.
Figure 3 is a reference for communication imperfections.
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Figure 3. Time & distance of warning and braking
under ideal conditions

4.1.1 Influencing Factors

(1) Pack loss. Given that packet loss affects the
accuracy of evaluating surrounding cars’ state, the time
of warning or braking is different as packet drop rate
varies, as graphically shows in Figure 4. Figures about
the mean time of warning and braking can be
overlooked as packet drop rate bears little relevance to
it. According to the following charts, when the packet
drop rate is 0.8, the standard deviations of alerting and
braking also reach their largest 0.13s and 0.16s
respectively. Assuming a normal distribution applied to
the standard deviation, the time of warning and braking
will deviate from the ideal value at its largest number,
about 0.4s-0.5s. Under such circumstances, the
deviation will dramatically influence the outcome of
crash avoidance. Nevertheless, if the packet drop rate
is less than 0.4, the accuracy of collision avoidance
result will not be affected.

(2) Time delay. Warning or braking time is barely
correlated with time delay, yet the mean time shifts
slightly first under condition 3) and then under
condition 4. As shown in Figure 5, the time stays
steady under condition @ and @). Once the start time
of warning and braking is affected by time delay, the
following situations will happen: (1) the observing
distance between the target car and the host one
becomes closer, allowing easier starting of collision
warning and avoidance actions; (2) the relative velocity
of the host car is reduced as the observing speed of the
target car, which is decelerating, is faster than its real
speed, making the distance between two cars required
for triggering alerting or braking, in accordance with
Eq. (1) and Eq. (2), become
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Warning Time
0.18 r : !
——condition 1
018 /| ——condition 2
——condition 3 ; §

014__“—C0ﬂd\t|0ﬂ4.. A BRI N A R AT N X VA B A R e e
w : 13
EIA2 B
B
®
= 01F
[]
o
=
= 003
o
c
& 0.08F
]

0.04}

002

0 i i i i
g 0.2 04 06 03
packet drop ratio
Braking Time
018 .

——condition 1 2
016 H condition 2 | A L R B L ; 164
——condition 3 ;

H o conditiona [

standard deviation/s

o i
[ 0 04 05 08
packet drop ratio

Figure 4. Standard deviations of alerting and braking
time at different packet drop rate

Condition 3

i3
5 005 Joos
i 004 Jo04
o3 . {003
Jooz g
=
oot oot E
= 5
§ 0wy E
- e - £
5
0zt 016 £
Ak 029 0.28 2
aaf er
05
| breaking
I vamiing 074
; . ) ;
0 o1 04 07 1

delay time/s

Candition 4

L breaking a1 i
0os /‘] 02
oot o8t B 001

=
=
=

bias/s
=]
=
standard deviation/s

UI D.‘1 D.‘ii DIT 1‘
delay timefs

Figure 5. Mean variation (bars) and standard deviation

(lines) of warning and braking time under conditions

® and @ during V2V communications when time

delay occurs

shorter. As a result, the start time of alerting and
automatic braking will be deferred. It should be noted
that factor (1) and (2) also interact with each other. For
example, supposed that the distance between the host
car and the target one is same under condition 3 and
@, and that the target car under condition ® is
decelerating at a speed slower than that under
condition @), crash alerting and avoidance actions will
be easier reacted under condition (3 than under
condition @ .Therefore, it can be concluded that
condition () is prone to be affected by increasing time
delay than condition 4).Moreover, time delay exerts no
influence under conditions ) and @), for the target car
has already stopped when warning or avoidance
actions are about to be launched.

(3) Limited communicated distance. Conditions (D
and @, ® and @ represent two different trends
concerning braking time and distance. Under low-
speed conditions () and @), the mean and variance of
warning and braking time are barely not be affected by
changing communication distance that starts from 50m.
However, the situation are opposite under high-speed
conditions 3 and @), in which the warning time is
significantly deferred, a result of original warning
distance beyond the limitation of communication
distance, as communication distance reduces (the left
part of Figure 6). The right part of Figure 6, a chart
describing the distance between the target vehicle and
the host vehicle when warning and braking are carried
out, has proved the above situation. In this chart, the
differences of warning distance and corresponding
communication distance are roughly equal to each
other. However, the braking distance is shorter than the
warning distance, and the distances of braking and
warning under low-speed conditions are shorter than
that under high-speed conditions.

4.1.2 Combination of Influencing Factors

As the basic broadcasting and transmission as well
as packet loss both contribute to the time delay during
V2V communication process, an analysis taking into
account time delay and packet loss will better reflect
the real situations. Therefore, an exponential model
(Eq.15) is employed to emulate the variability of
packet drop rate, which is different as the
communication distance between two cars changes

PDR(x)=1— (e'"coifs J , (16)

where PDR(x) represents the packet drop rate at certain
distance (see Figure 7), CD the communication
distance when packet drop rate reaches 0.95, and x the
real distance between the two cars. In this simulation,
all three factors discussed in Section 4.1.1 can be
included through changing delay time and
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communicated Distance.

The simulation results (Figure 7) of the combined
factors are consistent with previous findings. It can be
concluded from Figure 8, which describes the mean
and standard deviations of the alerting and braking
time, that the standard deviations are affected by CD,
communication distance, will shorten the warning time
under conditions @) and @).
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4.2 Intersection Scenario

In order to confirm whether time delay, packet drop
and limited sensing range will affect the accuracy of
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information about vehicle velocity and position, a
series of simulations are conducted under three groups of

dynamic conditions: W, , =36km/h, v, =v,, =18km/h;
@v,, =54kmh, v, =v,, =36km/h; @ v, =72km/h,
Vi, =V, =354km/h; in which each group of conditions

are simulated for 200 times.

Figure 9 is in accordance with above simulations, in
which the first dark blue bar of each group represents
the alerting time and the second the automatic braking
time, and the light blue bars stand for the distance
between the host car and the intersection when alerting
signals (first bar) and automatic braking (second bar)
are carried out. According to the chart, it can be
concluded that communication imperfections will not
affect the accuracy of vehicle velocity and location
information.
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Figure 9. Time and distance of warning and barking
under ideal conditions

4.2.1 Influencing Factors

(1) Packet loss. There is the positive correlation
between the initial standard deviations of warning and
braking time and packet drop rate. (see Figure 10).
More packet loss means less information of the car
coming to the intersection, the host car will therefore
immediately predict other cars’ state by filter when
measurement information is not available. Another
finding is that the standard deviation of warning time is
much less than that of braking time. This can be
explained by warning or braking algorithms. The
warning algorithm (Eq. 11) relies largely on
information of the host car, while the automatic
braking algorithm (Eq. 12) reckons more on
information of other cars. Packet loss merely disturbs
the estimation of the other cars’ state. Assume that the
uncertainty of braking time is subjected to normal
distribution, packet loss will lead to up to
0.52*3+0.73=2.29s ahead of normal braking, an
annoying disruption for drivers.
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Figure 10. Mean variation of warning and braking
time under packet loss

(2) Time delay. It can be observed from the left part of
Figure 11 that time delay during V2V communication
has significant impact on the performance of collision
avoidance. The target and host cars are running
vertically. Time delay will affect observation of the
target car’s location, directly undermining judgment on
potential collision, priority and pre-acceleration.
Substantial delay may lead to total failure of the entire
system. The faster the target car is, the more vulnerable
the algorithm is to communication latency.

The right part of Figure 11 displays the mean
variation of braking time. Due to wrong perceived
position of the target car, the braking time is apparently
inconsistent with the ideal value, entailing failure of
collision avoidance.

(3) Limited communication distance. Figure 12
depicts the distance of the host car to the intersection
when warning and braking is triggered under limited
communication distance. Delay was observed when
communication distance was no more than 50m under
condition @) and 100m under (3. Limited communication
distance exerts slight influence on warning and braking
time unless CD is shorter than warning or braking
distance. Communication distance refers to the linear
distance between two cars, thus the physical distance to
the intersection does not equal to communication
distance. Even so, the delay does not necessarily cause
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distance under limited communication distance

a collision. It is shown in the simulation that the ratio
of successful collision avoidance did not suffer a
decline under all three conditions even if the
communication distance is restricted to 50m, for the
collision avoidance at intersection is designed to be
started with moderate acceleration. When the start time
of warning or braking is delayed, greater acceleration
can be adopted for compensation.

4.2.2 Combination of Influencing Factors

The model of changing packet drop ratio could also
be applied to the intersection scenario. Communication
parameters are time delay and communication distance
when packet drop ratio is 0.95. The simulations were
also conducted under the above three conditions.

From Figure 13 and Figure 14, it is clear that time
delay exerts considerable influence on braking time,
leading to direct failure of collision avoidance. In
addition, uncertainty of warning and breaking time
rises as CD (indirectly affecting packet drop ratio)
shortens. Another interesting result is that both
warning and braking time suffered a significant delay
when CD was 100m. The reason is that the initial
distance of warning and braking is set to the upper
limit under condition ), and ideally CD=100m is not
enough to start warning or braking.

5 Conclusion

This paper investigates how the crash alerting is
affected by communication imperfections, that is,
packet drop, time delay and communication distance,
through theoretical method and numerical experiments.
In detail, two typical scenarios related to high collision
risk are presented: vehicle following scenario and
intersection scenario.

The algorithms in this article analyzed three kinds of
influence factors and the combination of Influencing
factors in the case of control variables more
comprehensively. Compared with other articles, the
chart visually shows the trend in warning and braking
distance and time. The detection probability of the
method is evaluated versus several driving conditions.

As the results shown, for both scenarios, increasing
packet drop ratio will lead to uncertainties of warning
and braking time. As the result shows, the above three
communication imperfections affect the performance
of warning and braking time in both scenarios. Firstly,
the varying packet drop and its filter’s properties
contribute to the uncertainties of warning and braking
time. Secondly, time delay may shorten the observing
distance or quicken the observing velocity of the target
car, making the actions of warning and braking are
activated earlier or later. Thirdly, when distance
between two cars is smaller than original warning or
braking distance, alerting or braking time will be
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Figure 13. Warning ratio and ratio of successful
collision avoidance under multiple influencing factors

affected significantly. Moreover, the starts point of
observation and filtering varies in accordance with
changing communication distance, resulting in
differences in the filtered value and deviation of
alerting and braking time.

As the outcome of analysis on multiple
communication parameters is consistent with that of
each parameter in both scenarios, it can serve as a
reference to for crash alerting and avoidance algorithm
to deal with communication imperfections so as to
ensure the accuracy of alerting and braking time.
Meanwhile, a better communication quality and
operation of crash alerting and avoidance system is
expected to be achieved through quantitative analysis
in our follow-up studies.
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Figure 14. Mean variation (bars) and standard
deviation (lines) of warning and braking time under
different contributing factors
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