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Abstract

In this paper, we consider a unidirectional highway road with one entry/exit
uniformly distributed on the road interval. One road side unit (RSU) is lo-
cated on the position of the entry/exit. We build an analytical model to study
the network connectivity problem. In building the analytical model, we take
into account several parameters, such as vehicle arrival rate, vehicle moving
speed, vehicle communication radius, RSU communication radius, highway
road length and the probability of vehicles driving through the entry/exit. The
analytical model is verified by using simulation tools.
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1. Introduction

Network connectivity is one of the most fundamental issues in Vehicular Ad
Hoc Networks (VANETSs). A higher connectivity in VANETSs can ensure the
timeliness for various kinds of data transmission. The previous studies indicated
that the entries/exits in highway scenario can affect the network connectivity [1]
[2] and deploying RSUs on the entries/exits is an effective method to improve
the network connectivity [3] [4]. As so far, there is no study that focuses on the
network connectivity modeling of such scenario. Thus, it is necessary to build an
analytical model to study the network connectivity of highway scenario with en-
tries/exits and RSUs, and it is also interesting to analyze the impacts of several
parameters on the network connectivity in such scenario.

In this paper, we build an analytical model to study the network connectivity
of highway scenario with one entry/exit and one RSU. We consider a unidirec-

tional highway road with one entry/exit uniformly distributed on the road in-
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terval. One RSU is located on the position of the entry/exit. In building the ana-
lytical model, we divide the highway road into several road intervals, and analyze
both the connectivity of each road interval and the connectivity of neighbor road
interval. Moreover, we take into account several parameters, such as vehicle ar-
rival rate, vehicle moving speed, vehicle communication radius, RSU communi-
cation radius, highway road length and the probability of vehicles driving
through the entry/exit. The analytical model is verified by using simulation tools,
and the analytical model can be used to analyze the impacts of several parame-
ters on the network connectivity.

The remainder of the paper is organized as follows. Section II reviews related
work in the literature. Section III derives the connectivity analytical model. Sec-
tion IV presents simulation results to verify the accuracy of the analytical model.

Section V concludes this paper.

2. Related Work

Connectivity analysis for a highway scenario in a VANET has been studied in
the literature [5] [6] [7]. Most of the present work studies the connectivity of
highway scenario without considering entries/exits [5] [6] [7]. In [5], Neelakan-
tan et al. focused on the connectivity analysis of a VANET from a physical pers-
pective and investigated the minimum transit power used by vehicles to guaran-
tee network connectivity. In [6], Shao et a/ investigated the connectivity proba-
bilities for V2V and V2I communication scenarios in one-way and two-way
platoon-based VANETSs and designed a connectivity-aware MAC protocol. In
[7], Kwon ef al. modeled the 1-D network as geometric elements of lines and
points and analyze the connectivity of the network using geometric probability.
However, in all of the above work, the network connectivity was studied for a
highway scenario without considering entries/exit. In [1], Khabazian et al. pre-
sented a connectivity analytical model for a highway scenario with multiple en-
tries/exits, but without considering the deployment of RSUs. This work is on the
basis of our previous work [2] which considers the two-way connectivity in

highway scenario with one entry/exit.

3. Connectivity Analysis

In this section, we build an analytical model to calculate the network connectiv-

ity probability of highway scenario with one entry/exit and one RSU.

3.1. Network Scenario

Consider a unidirectional highway road scenario, as shown in Figure 1. The ve-
hicles are moving on the highway road. One entry/exit is distributed on the
highway road. One RSU is deployed on the position of the entry/exit. The com-
munication radius of vehicles is denoted as R, and the communication radius
of RSU is denoted as R, here assumed that R > R . The highway road inter-
val is denoted as [0,L], where L represents the length of the highway road and
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Figure 1. Basic network scenario.

L>2R, . The entry/exit is denoted as z Assume that z follows uniform distribu-
tion on road interval [R,,L—R,]. The entry/exit divides the highway road in-
terval into two sub-intervals which are represented as [0,2] and [z,L]. The
vehicle arrival process on [O,Z] is Poisson process with mean rate 4,. When
the vehicles on [0,z] arriving at the position of the entry/exit, the vehicles can
keep moving onto the next road interval [z,L] with probability a(0<a<1),
or depart from the highway road at the entry/exit with probability 1—-¢a . The
vehicles moving on the road interval [z,L] contains two parts: one is the ve-
hicles from the road interval [O,z] and the other is the new arriving vehicles
from the entry/exit. The new arriving vehicles on the road interval [z,L] are
also Poisson process with mean rate A,. The vehicle speed is denoted as ran-
dom variant f, which follows uniform distribution on interval [v,. V]

where v . and v__ respectively represents the minimum and the maximum

value of the allowed moving speed for vehicles. The average value of the vehicle
speed is expressed by v=F [ ﬁ] , where E [] represents mathematical expec-
tation. According to the property of Poisson process, the vehicle arrival rates of
[0,z] and [z,L] can be expressed by y, and y,, where y,=4/v and
=(a-A+4) / v. Therefore, the network connectivity in this paper is building
an analytical model to calculate the connectivity probability of the vehicles in the

network.

3.2. Network Connectivity Probability

Similar to Ref. [2], consider the two-way connectivity which requires that the
vehicle and RSU can communicate with each other only and only if the distance
between them is not larger than the vehicle communication radius. For ease of
analysis, as shown in Figure 2, divide the interval [z—R,,z+R,] into four
sub-intervals which are denoted as a,, a,, a; and aq,, respectively. And the
notations which are used after are listed as follows:

H , : the event that there are vehicles on road segment a.

H , : the event that there is no vehicle on road segment a.

C, : the event that road segment a is connected.

C, : the event that road segment a is disconnected.

Pr{V'}: the probability that event V occurs.

From Figure 2, it is obvious that the length of g, is not more than the com-

munication radius of vehicle. If there are vehicles in g, the vehicles in 4, is
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Figure 2. Analysis diagram.

connected. The connectivity of a,, a, and a, is similar to g,. Due to the
influence of the entry/exit to the network connectivity, the connectivity of a,
and a, is needed to be firstly considered. According to the case that whether
there are vehicles on a, and a;, we perform the analysis into following four
sub-cases: 1) There are vehicles both on a, and a,; 2) There are vehicles on
a, , but there is no vehicle on a;; 3) There are vehicles on a,, but there is no
vehicle on a, ; 4) There is no vehicleon a, and aq;.

The probabilities that there are vehicles on a, and a, are respectively given
by

Pr{H, }=1-¢"", Pr{H, }=1-c7".

a a3

The probabilities that there is no vehicle on a, and a, are respectively cal-

culated by
Pr{ﬁa2 } - l—Pr{Haz } —e A Pr{f_la} } =l—Pr{H } —e R

a3

1) There are vehicles bothon a, and a,.

It is seen from Figure 2, if there are vehicles on a,, a, is connected for the
case that the length of a, is not larger than the communication radius of ve-
hicle and the distance between any two vehicles on a, is not larger than the
communication radius of vehicle. The connectivity of a, is similar to that of
a, . If there are vehicles both on a, and a,, the vehicles separately from a,
and a; can two-way connect to each other by the RSU. For further analysis of
the network connectivity, we divide a into four sub-cases.

a) There are vehicles bothon @, and aq,.

In this case, we can calculate the probabilities that there are vehicles both on

a, anda, asfollows

PI{H }=l—e*7|-(Rer), Pr{H }zl_e—yz-(RfR‘,)‘

a ay

Then we analyze the connectivity of sub-interval [0,z] and [z,L].

When there are vehicles both on [O,Z—Ru] and [Z+Ru,L], if the vehicles
on sub-interval [O,Z] are connected and the vehicles on sub-interval [z,L]

are connected, the road interval [O,L] is connected. The probabilities that

there are vehicles both on [0,z—R,] and [z+R,,L] are calculated as follows
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In this case, there is no entry/exit in sub-interval [0,z] and sub-interval
[z,L]. The connectivity probabilities of sub-interval [0,z] and sub-interval
[z,L] are obtained according to Ref. [8]. In Ref. [8], for a highway road without
entries and exits, if vehicle arrivals follow a Poisson process, the connectivity
probability of the road is given by

LL/R (- )

i )= S O )
><[j+ A, (L' jR, :|e —IR)

where L' is the road length, R, is a vehicle’s transmission radius, A, is the

vehicle arrival rate, and LxJ is the largest integer that is not larger than x. Thus,

the connectivity probabilities of sub-interval [0,z] and sub-interval [z,L] are
Pr{Gy | =Priz, Rz}, Pr{CL | =Pr{n, R Lz},

The connectivity probability of road interval [O,L] is

b= Pr{H[O,z—Ru]} 'Pr{H[HRu,L]} 'Pr{C[O,Z]} -Pr{C[Z’L]} ’ (1)

When there are vehicles on [0,z—R, ], but there is no vehicle on [z+R,,L],
if the vehicles on sub-interval [O,Z] are connected and the vehicles on
sub-interval [Z,Z+Ru] are connected, the road interval [O,L] is connected.

The probability that there is no vehicle on [z +R, ,L] is calculated as follows

PF{FI[HRU,L]} =1-Pr {H[“RM’L]} _ e*yz-(L—szu) ‘

The connectivity probability for the vehicleson [z,z+R, ] is
Pr{Cl.p) | =Pr{rs.RoR, )

In this case, the connectivity probability of road interval [0,L] is

Py =Pr {H[O,Z—RM] } -Pr {ﬁ[HRu .L] } Pr {C[O,Z] } ‘Pr {C[Zs”Ru] } ) 2)

When there are vehicles on [z +R, L] but there is no vehicle on [O,Z—Ru] ,

if the vehicles on sub-interval [z R z] are connected and the vehicles on

u

sub-interval [Z,L] are connected, the road interval [O,L] is connected. The
probability that there is no vehicle on [0,z—R, ] is

T -n-(z-R,
Pr{Hy,. o =1-Pr{H, , f=e ).
The connectivity probability for the vehicleson [z—R,,z] is
[2=R,.2]Pr{Cl i} =Pr{r.R.R,}.
In this case, the connectivity probability of road interval [0,L] is

Pris = Pr{ﬁ[o.szu]} ) Pr{H[uR” ,L]} ) Pr{c[szu,z]} 'Pr{c[z,L]} : €)

When there is no vehicle on [O,Z—Ru] and [z+R L], if the vehicles on

ud

[Z—Ru,Z] are connected and the vehicles on [Z,Z+Ru] are connected, the
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road interval [0,L] is connected. In this case, the connectivity probability of

road interval [0,L] is
Pria= Pr{ﬁ[o,sz,‘]} 'Pr{ﬁ[meu ,L]} ' Pr{C[Z—Ru.z]} 'Pr{c[z,zmu]} : (4)
Thus, the connectivity probability of road interval [0,L] ina-1) is
P =Pr{H, |- Pr{H, }-(pry,+Pris+ Pras +Puis) - (5)

b) There are vehicles on g, , but there is no vehicle on a,.

In b), the probability that there is no vehicle on a, is

Pr{f, |=1-Pr{H, | =e7 "5,

a4

When there are vehicles both on [0,z—R,] and [z+R,,L], if the vehicles
on sub-interval [0,z] are connected, the vehicles on sub-interval [z+R,,L]
are connected, and the vehicles separately from a, and [z+R,,L]| are con-
nected, the road interval [0,L] is connected. Since there is no entry/exit in
[z+R,,L], the connectivity probability of [z+R,,L] is

Pr{Ci.p ) =Pr{rs, R L=2=R,}.

Next, we analyze the connectivity of vehicles separately from a, and
[z+R,,L]. According to the definition of two-way connectivity and the as-
sumption that R, >R, . From Figure 2, we can easily obtain that in the case
R, >2R , the distance between two vehicles which separately from a, and
[z+R,,L] is larger than the communication radius of vehicles. In this case, the
vehicles which separately from a, and [z+R,,L] have no chance to connect
to each other, the road interval [0,L] is disconnected. Otherwise, if R, <2R ,
the vehicles which separately from a, and [z+R,,L] have chance to connect
to each other. Thus, in the following analysis, we further assume that R, <2R, .
When there are vehicles on [z+R,,z+2R, ], if the vehicles separately from a,
and [z+R

ud

z+2R,| are connected, a, and [z+R,,L] is connected. Other-
z+2R,], the road interval [0,L] is
z+2Rv] is

wise, when there is no vehicle on [Z+R

u?

disconnected. The probability that there are vehicles on [z +R

ud

Pr{H

— - '(ZRV’RN)
[Z+Ru,2+2Rv]} =1- € " *

According to Ref. [1], we can obtain that the connectivity probability of ve-
hicles separately from a, and [z+R,,z+2R,] is
1
Pr{ca3,[z+Ru,z+2Rv]} = 5 °

The connectivity probability of vehicles separately from a, and [z+R,,L] is

Pr{c{a3,[z+Ru,L]}} = Pr{H[Z+Ru,Z+2Rv]} ’ Pr{c{a3,[z+Ru.z+2R‘,]}} :

In this case, when R, >2R , the connectivity probability of road interval
[0,L] is 0; when R, <2R , the connectivity probability of road interval [0,L]

is calculated as follows
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Pioa = Pr{H[O,z—Ru] } ’ PT{H[2+R,,,L] } -Pr {C[O,z] }

Pr { C[Z+Rl, ] } Pr { C{‘ls [=+RusL]) } ’

When there are vehicles on [O,z -R, ] , but there is no vehicle on [z +R, ,L] ,

(6)

if vehicles on [O,Z] is connected, the road interval [O,L] is connected. In this

case, the connectivity probability of road interval [0,L] is
Pras = Pr{Hy, o VPl ) Pr{Cy ) 7)

When there are vehicles on [z+R,,L], but there is no vehicle on [0,z—R, ],
if the vehicles on [z—R,,z] are connected, the vehicles on [z+R,,L] are
connected, and the vehicles separately from a, and [z+R,,L]| are connected,
the road interval [O,L] is connected. In this case, the connectivity probability
of road interval [O,L] is

Praz =Pr {[__I[o,szu] } -Pr {H[Z+Ru | } -Pr { C[szu 7] }

' Pr{C[HRu ,L]} Pr {C{ﬂs {z+R, L} }

When there is no vehicle both in [0,z—R,] and [z+R,,L], if vehicles on
[z—R,.z] are connected, the road interval [0,L] is connected. In this case, the

(8)

connectivity probability of road interval [0,L] is

Pras =Pr{H o |- Pr{L ) Pr{GL, ) 9)
Thus, the connectivity probability of road interval [0,L] ina-2)is
P> = Pr{Hal } -Pr{l-_la4 } '(pl.z,l T D22t Pias T Pias ) ‘ (10)

c) There are vehicles on a,, but there is no vehicle on ¢, .

In ¢), the probability that there is no vehicle on ¢, is

Pr{f, }=1-Pr{H,}=e7"")

aq

When there are vehicles both on [O,Z—Ru] and [z+Ru,L], if vehicles on
[z,L]are connected, vehicles on [O,Z—Ru] are connected, and vehicles sepa-
rately from a, and [O,Z—Ru] are connected, the road interval [O,L] is

connected. The probability that there are vehicles on [0,z—R, ] is
Pr{Cy. )| =Pr{n.R.z-R,} .

The analysis for the connectivity probability of vehicles separately from a,
and [0,z—R,] is similar to that of vehicles separately from a, and [z+R,,L].
Therefore, when R, >2R,, the connectivity of road interval [0,L] is 0; when

R, <2R , the connectivity of road interval [0,L] is calculated as follows

Pisy =Pr {H[o,szu] } -Pr {H[HR,‘ L) } -Pr {C[Z,L] }

(11)
’ Pr {C[O,szU] } ) PI' { C{az ,[0,szu ]} }

where
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Pr {Cm [0.2-R,] } =Pr {H[Z,zRv.z,Ru] } -Pr {C{a2 -2Rye-R) } ,
Pr{H[z—zRv,szu]} =1-e PR

1
Pr {C{az,[272Rv,szu]} } - E ’

When there are vehicles on [0,z—R, ], but there is no vehicle on [z+R,,L],
if vehicles on [z,z+R,] are connected, vehicles on [0,z—R,] are connected,
and vehicles separately from a, and [0,z—R,] are connected, the road inter-
val [O,L] is connected. In this case, the connectivity probability of road inter-

val [O,L] is
P32 = PI{H[o,szu]} 'Pr{l—_][zmu ,L]} 'Pr{c[z,zmu]}

Pe{Coa} Pr{ Gy )

When there are vehicles on [z +R, ,L] , but there is no vehicle on [0,2 - Ru] ,

(12)

if vehicles on [z,L] are connected, the road interval [O,L] is connected. In

this case, the connectivity probability of road interval [0,L] is

D3z = Pr {I__I[o,szu] } -Pr {H[HR“ L] } -Pr {C[Z,L] } . (13)

When there is no vehicle both on [0,z—R,] and [z+R,,L], if vehicles on
[z,z+R,] are connected, the road interval [0,L] is connected. In this case, the

connectivity probability of road interval [0,L] is

Piza = Pr{H[o,szu]} 'Pr{H[HRu,L]} 'Pr{c[z,zm“]} : (14)
Thus, the connectivity probability of road interval [0,L] ina-3)is
Ps= Pr{l__[a] } ‘Pr{Ha4 } ’(p1.3.1 t Pyt P33t Pisa ) . (15)

d) There is no vehicleon @, and a,.

In d), for analyzing the connectivity of road interval [0,L], we only need to
consider the case that whether there are vehicleson [0,z—R,] and [z+R,,L].

When there are vehicles both on [0,z—R,] and [z+R,,L], if vehicles on

[0,z—R,] are connected, vehicles on [z+R,,L] are connected, vehicles sepa-

rately from a, and [0,z—R,] are connected, and vehicles separately from
a; and [Z+RM,L] are connected, the road interval [O,L] is connected. In
this case, when R, >2R , the connectivity probability of vehicles separately
from a, and [0,z—R,] is 0, the connectivity probability of vehicles separately
from a; and [z+R,,L] is 0, and the connectivity probability of road interval
[0,L] is0. When R, <2R, the connectivity probability of road interval [0,L]

18

Pray =Pr {H[o,sz,‘] } -Pr {H[HRH L] } -Pr { C[Z+Ru ] }

-Pr {C[o,szu] } -Pr {C{az [0.2-R,]} } -Pr { C{u3 [z+R,.L]} } :

When there are vehicles on [0, z—R, ] , but there is no vehicle on [z +R, ,L] ,

(16)
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if vehicles on [0,z—R,] are connected, and vehicles separately from a, and
[0,z—R,] are connected, the road interval [0,L] is connected. In this case, the

connectivity probability of road interval [0,L] is
DPianr = Pr{H[o,szu]} 'Pr{l—_l[erRu,L]} 'Pr{c[o,z—Ru]} 'Pr{c{az,[o,szu]}} . 17)

When there are vehicles on [z +RM,L] , but there is no vehicle on [O,Z—Ru] ,
if vehicles on [z+R,,L] are connected, and vehicles separately from a, and
[z+R,,L] are connected, the road interval [0,L] is connected. In this case,

the connectivity probability of road interval [0,L] is

Dz = Pr {]__I[o,szu] } -Pr {H[HR” L] } -Pr {C[Z+Ru L] } -Pr {C{a3 [z4R,.L]} } . (18)

When there is no vehicle both on [0,z—R,| and [z+R,,L], the connectivi-

ty probability of the road interval [O,L] is 1. In this case, the connectivity
probability of road interval [0,L] is

Pras = Pr{H[o,szu]} 'Pr{]—_[[z+Ru,L]} : (19)
Thus, the connectivity probability of road interval [0,L] ina-4) is
Py = Pr{[—_lal } ‘Pr{]—_]a4 } (Pras* Praz + Pras+ Praa) - (20)

Considering all of above, the connectivity probability of road interval [0,L]
in a)is
= Pr{Haz } ‘ Pr{Ha3 } (Prat P2t Pt D) 2D

2) There are vehicles on q,, but there is no vehicle on a, .

In 2), if there are vehicles on [z+RV,L], the distance between any two ve-
hicles separately from [z+R,,L] and a, is larger than the communication
radius of vehicles, the road interval [0,L] is disconnected. Therefore, we only
need to consider the connectivity of the interval [0,z] in the case that there is
no vehicle on [z + RV,L] . The probability that there is no vehicle on [z + RV,L]

18

Pr{]-_I[HRV’L]} =g 2k

When there are vehicles both on [0,z—R,]| and a,, if the vehicles on [0,z]
are connected, the road interval [O,L] is connected. In this case, the connectiv-

ity probability of the road interval [0,L] is
poy =Pr{H, o bPr{H, }Pr{q, ). (22)

When there are vehicles on [0,z—R, ], but there is no vehicle on a,, if ve-
hicles on [O,Z—Ru] are connected, and the vehicles separately from a, and
[0,z—R,] are connected, the road interval [0,L] is connected. In this case, the

connectivity probability of the road interval [0,L] is
poy =Pe{H,_ Vope(d, }oPefc, | -Pr{C{az’[O’Z_RH]} } . (23)

When there are vehicles on g, but there is no vehicle on [0,z—R, ], if ve-
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hicles on [Z—Ru,z] are connected, the road interval [O,L] is connected. In

this case, the connectivity probability of the road interval [0,L] is
Pr3 = Pr{ﬁ[o.szu]} 'Pr{Hal } 'Pr{c[szu,z]} : (24)

When there is no vehicle both on [O,Z—Ru] and gq,, the connectivity of
road interval [0,L] is 1. In this case, the connectivity probability of the road
interval [O,L] is

P4 = Pr{ﬁ[o,z-ku]} ’Pr{ﬁal } . (25)

Considering all of above, the connectivity probability of road interval [0,L]
inb) is

Dy, = Pr{Ha2 } ~Pr{l-_]a3 } ~Pr{ﬁ[z+Rv’L]} o(pm + Dy + Doy +p2_4) . (26)

3) There are vehicles on a,, but there is no vehicle on a, .

In 3), if there are vehicles on [0,z—R, ], and the distance between any two
vehicles separately from [0,z—R,] and g, is larger than the communication
radius of vehicles, the road interval [0,L] is disconnected. Therefore, we only
need to consider the connectivity of [z+RV,L] in the case that there is no ve-
hicle on [0,z—R,]. The probability that there is no vehicle on [0,z—R,] is

7 -n(z-R,
Pr{H[o,szv]} =e R
When there are vehicles both on [z+R,,L] and a,, if vehicles on [z,L]

are connected, the road interval [O,L] is connected. In this case, the connectiv-

ity probability of road interval [0,L] is
by, = Pr{H[HRI“L]} Pr{H, | -Pr{C[Z,L]} . 27)

When there are vehicles on [z+R,,L], but there is no vehicle on a,, if ve-
hicles on [z+R,,L] are connected, and the vehicles separately from a, and
[z+Ru,L] are connected, the road interval [O,L] is connected. In this case,

the connectivity probability of road interval [0,L] is
Piy = Pr{H[HRwL]} Pr{d,,} 'Pr{C[HR“’L]} : pr{c{%[MmL]} } . (28)

When there are vehicles on a,, but there is no vehicle on [z+R,,L], if ve-
hicles on [z,z+Ru] are connected, the road interval [O,L] is connected. In

this case, the connectivity probability of road interval [0,L] is
P33 = Pr{[—_[[z+Ru,L]} 'Pr{Ha4 } 'Pr{c[z,zmu]} : (29)

When there is no vehicle both on [z+Ru,L] and a,, the connectivity
probability of the road interval [O,L] is 1. In this case, the connectivity proba-
bility of road interval [0,L] is

D4 :Pr{ﬁ[HRWL]}oPr{I?%}. (30)

Considering all of above, the connectivity probability of road interval [0,L]
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in¢) is
Py = Pr{ﬁuz } : Pr{Ha3 } 'Pr{ﬁ[o,szv]} '(pu TPt Dyt p3.4) . (31)

4) There is no vehicleon a, and a;.

In 4), if there are vehicles both on [O,Z—Rv] and [Z+RV,L] , the distance
between any two vehicles separately from [0,z—-R,] and [z+R,,L] is larger
than the communication radius of vehicles, the road interval [O,L] is discon-
nected. We only need to analyze the connectivity of the case that at most one of
the interval [0, z— Rv] and [z +R, L] has vehicles.

When there are vehicles on [0,z—R, |, but there is no vehicle on [z+R,,L],
if vehicles on [0,z—R,]| are connected, the road interval [0,L] is connected.

In this case, the connectivity probability of road interval [0,L] is
Pyy =Pr {H[o,szv] } -Pr {I—_[[erRV,L] } -Pr {C[o,szv] } > (32)
where

Pr{H,. o} =17, Pr{G, b =Pr{n.R.2-R}.

When there are vehicles on [z +R, L] , but there is no vehicle on [O,Z - Rv] ,
if vehicles on [z+R,,L] are connected, the road interval [0,L] is connected.

In this case, the connectivity probability of road interval [0,L] is
Py, =Pr {I—_[[o,szv] } -Pr {H[Z+R,,,L] } -Pr {C[Z+RV,L] } > (33)
where

Pr{H ) =1-e "% pr{C, b =Pr{n.R.L-z-R}.

When there is no vehicle both on [O,Z —Rv] and [z +RV,L] , the road inter-
val [0,L] is connected. In this case, the connectivity probability of road inter-
val [O,L] is

pio =Pe{ g Pr{fg .

Considering all of above, the connectivity probability of road interval [0,L]
in d)is

Py= Pr{ﬁaz }-Pr{[-_]az}-(p“ * Pia +p43)- (35)

According to analysis of 1)-4), we can obtain the connectivity probability of

road interval [O,L] as follows

(p1+p2+p3+p4)dz. (36)

p= 1 J~L—Ru

L-2R,

4. Numerical Results

In this section, we perform simulation using event-driven and Monte Carlo me-
thods by Matlab tool to verify the proposed analysis model. The parameter val-

ues are decided according to the assumption vehicular environment of statistics
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observations. Then according to the numerical results, we analyze the impacts of
several parameters on the connectivity probability. Each simulation result is an
average over 10,000 times. It is seen from Figures 3-5 the analytical results are
very close to the simulation results.

Figure 3 shows the impacts of 4, A, and o on the network connectivity
probability.

With the increasing of 4, 4, and «, the connectivity probability also in-
creases. This is because larger values of 4, 4, and o make the number of
vehicles in unit road length becoming larger which reduces the distance of
neighbor vehicles, and resulting in a larger connectivity probability of neighbor
vehicles.

Figure 4 shows the impacts of Z and von the network connectivity probability.
With the increasing of L and v; the connectivity probability decreases. This is
because with the increase of L, if the arrival rates do not change, there are fewer

1 : . : :

=X F= =0.2, simulation
—%— a=0.2, analysis
-k a=0.5, simulation
—3k— =0.5, analysis
=@ =0.7, simulation
—©— =0.7, analysis

o
©
.

o
©

o
3
:

Iod
o

e o
©w  »

The Connectivity Probability p
o o
N o

.15 0.2 0.2 o 0.3 0.35 0.4 0.45 0.5
A=A, (R =300, R =500, L=10000, v=30)

Figure 3. Impacts of A;, A, and a on the connectivity probability.

© o o o
o

o
>

= v=20, simulation
—F— v=20, analysis
«wo4eee0 =30, simulation
—4— =30, analysis
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—6&— v=40, analysis

o
w

The Connectivity Probability p

o
)

0 Il L L
2000 3000 4000 5000 6000 7000 8000 9000 10000
L (4,=2,~0.5, R =500, R =300, a=0.5)

Figure 4. Impacts of Z and von the connectivity probability.
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0.6 —%— R =270, analysis
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Figure 5. Impacts of R,and R, on the connectivity probability.

vehicles on the unit length of the highway road and the distance between two
neighbor vehicles becomes larger. As a result, the connectivity probability de-
creases. Similarly, with the increase of v; if the arrival rates do not change, there
are fewer vehicles on the unit length of the highway road and the distance be-
tween two neighbor vehicles becomes larger which leads to the decreasing of the
network connectivity probability.

Figure 5 shows the impacts of R, and R, on the connectivity probability. With
the increasing of R, and R,, the connectivity probability also increases. This is
because a larger value of R, and R, makes two neighbor vehicles have a larger

chance to communicate with each other.

5. Conclusion

In this paper, we build an analytical model to study the network connectivity of
highway scenario with one entry/exit and one RSU. In building the analytical
model, we divide the highway road into several road intervals, and analyze both
the connectivity of each road interval and the connectivity of neighbor road in-
terval. The analytical model is verified by using simulation tools, and the analyt-
ical model can be used to analyze the impacts of several parameters on the net-
work connectivity. The built network connectivity analytical model can be used
to provide a reference for the highway scenario with multiple entries/exits and

multiple RSUs which are our future work.
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