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Abstract

Vehicular ad-hoc network (VANET) is the name of technology, which uses ‘mobile internet'
to facilitate communication between vehicles. The aim is to ensure road safety and achieve
secure communication. Therefore, the reliability of this type of networks is a serious concern.
The reliability of VANET is dependent upon proper communication between vehicles within a
given amount of time. Therefore a new formula is introduced, the terms of the new formula
correspond 1 by 1 to a class special ST route (SRORT). The new formula terms are much
lesser than the Inclusion-Exclusion principle. An algorithm for the Source-to-Terminal
reliability was presented, the algorithm produced Source-to-Terminal reliability or computed a
Source-to-Terminal reliability expression by calculating a class of special networks of the
given network. Since the architecture of this class of networks which need to be computed was
comparatively trivial, the performance of the new algorithm was superior to the
Inclusion-Exclusion principle. Also, we introduce a mobility metric called universal speed
factor (USF) which is the extension of the existing speed factor, that suppose same speed of all
vehicles at every time. The USF describes an exact relation between the relative speed of
consecutive vehicles and the headway distance. The connectivity of vehicles in different
mobile situations is analyzed using USF i.e., slow mobility connectivity, static connectivity,
and high mobility connectivity. It is observed that p. probability of connectivity is directly
proportional to the mean speed ,, till specified threshold p,, and decreases after p,. Finally,
the congested network is connected strongly as compared to the sparse network as shown in
the simulation results.

Keywords: Reliability, expression of reliability, I.E principle; vehicular ad-hoc networks,
headway distance, freeway highway, universal speed factor.
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1. Introduction

Several studies have been conducted to examine the reliability of networks in terms of

connectivity, according to the network topology [1] [2]. These approaches have been
categorized into three wide classes: Pivotal Decomposition (PD), Inclusion-Exclusion (IE) and
Sum of Disjoint Products (SDP) [3] [4]. The reliability of networks is gaining importance day
by day particularly safety-sensitive networks like Vehicular ad hoc Networks. A probability
graph model was proposed by Colbourn and AboEIFotoh, several special wireless networks
have been studied, also presented an estimated algorithm [5].

In networks, Source-to-Terminal reliability refers to the probability that there prevail no less
than one possible connection amongst two vehicles under the specified condition. Reliability
issues appear increasingly essential as advance networks turn to be increasingly unpredictable.
This encouraged the research on the reliability of networks, which drew a lot of attention during
previous decades [6] [7]. The term connectivity refers to measure the performance of vehicular
communication on superhighways. With the integration of 5G, an exponential growth in
VANETS technology is observed [8] [9]. When VANETSs and loT (internet of things) are
combined that is called 1oV [8]. When vehicles are combined with internet, sensors and road
equipments, VANETs comes with multiple insights [10]. The important research issue in
VANETS is communication. By using V2V and V2R the goal of VANETS is to present safety
and non-safety applications. On the highways to keep vehicles strongly connected with each
other multi-hop ad-hoc connections are used. The efficiency of VANETS connectivity depends
on the reliable and robust connection.

The research of connectivity deters to another track by introducing VANETS. An exponential
increase is observed in the field of network connectivity analysis and that’s the reason of
attraction for various researchers [11] [12] [29] [30] [31][36]. On the highway, if two vehicles
belong to the transmission range of each other, they are said to be connected. To ensure reliable
and real-time data distribution, the network should be strongly connected [13]. The impacts of
vehicles connectivity in various scenarios have been discussed by many researchers [13] [14]
[15] [27] [28]. The extended version of conventional cloud technology is Vehicular Cloud
Computing (VCC), which enhances the advantages of VANET [16].

Based on Ant Colony Optimization (ACO) a novel Clustering algorithm is proposed for
VANET called ACONET. In order to achieve robust communication for VANETS the
algorithm forms optimized clusters. For optimized clustering, parameters of transmission range,
load balance factor (LBF) and speed of the nodes are considered [32].

A two-stage approach (SubBus), is introduced which is made-up of dynamic routes planning
and travel requirement prediction, based on several crowdsourced shared bus data to produce
dynamic routes for shared buses in the "last mile" scene [33]. Based on regional function
discovery using several mobile data a co-occurrence pattern mining scheme (CoPFun) is
presented [34].

To rescale heterogeneous traffic trajectory data an integrated computing method is presented,
which leverages MLE and BIC [35]. The relationship between the mobility and connectivity of
VANETSs is studied. To achieve this goal, some key topology metrics are employed, including
component size and component speed, to describe mobility and connectivity [25].
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In VANETS, mostly the models based on connectivity simply assume that each vehicle has
same speed at every time or either not same as others, but similar for a specified vehicle
throughout the entire journey [17] [14] [18] [19]. The assumption of the same velocity will
further degrade the performance of the distribution model for inter-vehicle space significantly.
To measure the mobility scenario of two connected vehicles relative speed is a good parameter.
No matter whether v; and v; (vehicles) are moving very fast, but their connectivity will not be
affected, because of their smaller relative speed.

To measure the relationship between vehicles speed and inter-vehicle space a mobility
metric named speed factor was proposed by the authors of [14]. They have considered the
same speed at all time for every vehicle. The relationship between arrival rate and speed was
ignored. Usually, speed varies on the driving behavior and rate of arrival to the road segment.
Assume at all time, keeping the constant speed to a typical traffic situation, then the headway
distance cannot be completely independent and identically distributed (i.i.d) also the
distribution cannot be exponential [13] [14] [15].

A new protocol named MAC connectivity-aware for platoon structure was proposed by the
authors in [20] [15]. In their model, they have considered connectivity as a function of node
density and its affects was examined in different highway scenarios. According to the results
obtained by the authors of [20], it was clear that the increase in connectivity up-to some level
will increase throughput, but also throughput decreases after that level. The ideas and
methodology offered by [13], is followed by the authors of [20] and [15] in their models, but
vehicular platoons were focused.

This paper introduces a new formula for ST reliability of VANETSs the formula holds terms
which correspond 1 by 1 to a class special ST route (SRORT). For a specified network, the
enclosed terms of the formula are less than the Inclusion-Exclusion principle. An algorithm
which generates Source-to-Terminal reliability expression of is presented. The algorithm
computes the Source-to-Terminal reliability or creates a Source-to-Terminal reliability
expression by counting a class of special networks of the given network. The reliability
expression obtained by this algorithm is shorter than the Inclusion-Exclusion principle.

We also proposed a mobility metric named universal speed factor (USF) by utilizing the
relative speed of associated vehicles. The proposed USF describes an exact relation between
relative speed and connectivity of vehicles. Three different scenarios are considered to analyze
the performance of USF that is slow mobility connectivity [20- 40] Km/h, static connectivity,
and high mobility. As compared to the sparse network, the congested network will be more
connected as shown in the simulation results.

The rest of the paper is organized as follows, next Section defines definitions used in this
paper. Section 111 describes the new topological formula and Algorithm in detail, IV explains
universal speed factor in detail, Section V gives connectivity of VANETS in various mobility
environments, Section VI presents obtained results from simulations with discussion and VIl
conclusion respectively.
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Fig. 1. (V1) VANET and its SRORT tree with universal speed factor model

2. Notations & Definitions

2.1 Definitions

RO;;: Aroute fromito j.

SRO;;: Aroute from i to j, and the set of vehicles on the route has not the subset that can create
SRO;; we name it as simplest route SRO;;.

SRORT: S is the root vehicle of the tree, T is the leaf vehicles, middle vehicles are the other
vehicles of V., each route from Source-to-Terminal in the tree corresponding 1 by 1 the
SROU of VT'

Vr(V,X): VANET, V is the set of the vehicles of V., X is the set of the links of V.

S, T: The Source and the Terminal vehicles of V7.

m: The number of SRO(S, T) of Vr.

S;: The set of the sons of vehicle i.

Kgo: The set of the vehicles in route RO.

v;: Avehicle in the SRORT.

R(Vr): Source-to-Terminal reliability of vehicular ad hoc networks.
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3. Reliability of VANET: The New Topological Formula and Rapid
Algorithm

We consider a vehicular ad-hoc networks (Vy) Vy(V,X),V =(123,..n),X =
X1, X2, X3,...Xx, 0 = |V|,x = |X|. The probability that vehicle i is working is p;, where the
failure probability is 1 — p;.

The definition of the Reliability of vehicular ad hoc networks [21]:

R(V;) = the probability of having a RO(S, T) in V; that each vehicle in the RO(S, T) is
working.
R(Vp) = pr(Xicip) 1)

According to the algebraic axiom P(a + ac) = P(a), if RO(S, T) is not the simple route
SRO(S, T), then Ky, (the vehicles set of RO (S, T)) has a subset K¢z, that can build up a SRO
(S, 1), Ksro € Kgro, P(RO + SRO) = P(SRO) therefore:

Theoreml. R(Vy) = P2, SRO;),i = 1,2,3,...m, the number of SRO(S, T) of Vg ism.

Theorem2. If SRO is a Source-to-Terminal simple route, then it can only be confirmed by its
vehicle set Ksp(.

Prove: The range of SROis |SRO| = |Ksgo|-1, assume SRO = Sy; y, ... V_1T, since there
are no parallel links in VANETS, if SRO is not unique, assume the other SRO, =
SYi1 Yiz - Yik—1T, there is minimum one the vehicle that its vicinity in SRO, travel along
considerable to in SRO, assume it is y;, the father of y; is y,,,, m < i — 1, y; is neighbor to y,,
inVr, then Sy; ¥y .. Vi Vi Vig1 - Wik—1 T IS a route SRO(S, 7). Its distance is< k — 1, it’s
conflicted to SRO is a simple route, so SRO is a Source-to-Terminal simple route, it is the one
which is notified by its vehicles set K¢go.

Theorem3. All the SRO routes in V- are contained in a tree T,., it's an SRORT tree if and
only if the vehicle in an optional route is not its ancestor or brother of its ancestor.

Prove: A circle in the tree will appear if a vehicle is its ancestor, the definition of the tree is
conflicting here. When a vehicle is its ancestor's brother, as shown inFig.2 S-»v -y ->T
isa RO(S, T) route, its range is lesser than the range of S - v — b(y) —» y — T, the definition
of the SRO(S, T) route is conflicting.

If the contained route in the tree is not SRO(S, T), based on the definition of SRO(S, T) route,
there is vehicle in the route that is it’s ancestor’s neighbor in V;, then it is, it’s ancestor’s
brother within the tree, this condition encounter with theorem. But the theorem is perfect.
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Fig. 2. A SRORT tree

Theorem 4. The reliability of V7, R(V7) = X%, P (SRO;)(1 — R(Vr,), in the formula the
Vr; can be made up in this way: vehicle S which is the Source vehicle of V. becomes the
Source vehicle of Vr;, vehicle T which is the Terminal vehicle of V- becomes the Terminal
vehicle of V7, each vehicle in the middle of SRO (k < i) of the SRORT tree of Vr,

1.

5.

If Source S — y;route in the SRO; route, then the route amalgamated to the Source S of
Vr;-

If y; is the vehicle in the middle of SROy route and itis a vehicle in the SRO; route too, in
that case, remove the vehicle and link the father and the son of vehicle y;.

If y; — Troute inthe SRO; route, in that case, the route amalgamated to the Terminal T of
Vr;.

If the set of vehicles on the route is a subset of another alternative route, then eliminate the
route. There is no vehicle in Vr; that it is a vehicle in the SRO; route except S and T
vehicles.

The V., is made of these routes.

Prove: We assume SRORT contains Sry, Sy, ...Sty,, by, by, ... by, expressing the event
functioning cooperative to the SRO; route.

R(VT) = P(b1 + b2+...+bm)

= P(by +biby+...4by by...bi_y by +...+b; by...bp_1 b))
= P (by) + P (bihy)+...+ P (byby...bi_y b;) + ...+ P (by by... by byy)
= Pr(by) + P(byby)+...4+ P ((by by) (by b;)...(b_1 by))

...+ P ((by b ) (b2 bm)... (B b)) @)

we assume SRO; = ¢, ¢, C3,¢4,Cs5, SRO; = c¢4¢6 €3 C7C5 (refer to Fig. 3)
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Fig. 3. Two SRO routes in the SRORT tree

Ebj = €1€2€3C4C5 N (€1€6€3C7C5))

= (e + ¢+ 3+ ¢4+ C5) N (€166€367C5)

= €3 (€1€6€3C7Cs5) + €4 (€1€6C3C7C5)

= €3 €3 (€1€6€3€7C5)

= C2C3 by (©)
This c;c4 isaSRO (S, T) route of Vr,, then

R(Vr) =P (b1) +P (Vr, by) + ... + P (Vp; by) + ... + P (Vr,, byn)
=P (by) +(1-P (V) P (b2) +... @
+(1-P (V) P (b)) +...+ (1-P (V7)) P ()

Algorithm:

S: initialization state Source vehicle;
OPEN table: the table saving vehicle that not extended:;
CLOSED table: the table saving vehicle that extended,;
1. Input probabilistic network (V) and the Source & Terminal vehicles (S, T),
R(®) = 0,i = 1;
2. Generate a search network only including S, put S into the OPEN table;
3. Generate a CLOSED table and insert it as an empty table;
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When the OPEN table is an empty table, then output R(Vy), exit ;

Choose the first vehicle in the OPEN table, take it out from the OPEN table and insert
it into the CLOSED table, mark that vehicle as v;

6. If the vehicle v is the Terminal vehicle then search a simple route (SRO (S, T)), if each
SRO (S, T) in V., have not the same vehicle as compared to other SRO (S, T) in Vr,
then

R(Vy) = R(Vy) + (1 — 1_[ all SRO in Vy, P (SRO(Vr,)i)) P(SROY),
else, compute recursively R(Vr,) according to theorem 4,
R(Vr) = R(Vr) + (1 — R(Vr,)) P(SRO;);i =i+ 1,proceed to 4;

7. Extend the vehicle v, generate a vehicles set and those vehicles are not its ancestor
and brother of its ancestor, mark the set as S(v), when S(v) = @, after that from
CLOSED table remove the vehicle v, proceed to (4), else put the vehicles in S(v) into
the search Vi as succession vehicle v;

8. The vehicles in S(v), set an indicator to its father vehicle v and in the OPEN table it is
inserted:;

9. According to the DFS policy arrange the vehicles in the OPEN table, proceed to 4;

o ks

The algorithm is explained in Fig. 4.

Fig. 4. (V;) VANET and its SRORT tree with universal speed factor model.

This algorithm is recursive, in the first time cycle, find a simple route (SRO,), Vr, =
®, R(Vr,) = 0. In the second time cycle, Vi, = V3

R(V) = P (ViVoVs) + (1= R(Vr,)) P (ViVaVaVe) = PyPyPs + Py Py Py Py P
Keep on searching in this way, generate SRO3, SRO,, obtained Vr,, Vr,
VT3 = X1
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R(Vr) = R(Vr) + (1 = R (Vr3))P (V5V2Va) ()
= R(Vr) + P3PP3Ps
Vr, have two simple routes and they have the same vehicle, we compute recursively
Vi, = VoVs + Vi1,V
R(Vr) =R (Vr) + (1 - R(VT4))P (VsVe) (6)

=R (Vz) + P,(P;s + P3P;)PsPs)

The given expression is obtained when the OPEN table is the empty table,
R(Vr) = P (V1VoVs + VaVi VoVyVe + ViVoVsVe + Vo (Vs + VsV1)VsVe)

= Py P,P; + P3P, P,P,Pg + PP, PsPs + P,(Ps + P3P;)PsPg @)

4. Universal Speed Factor (USF)

The same distribution as that of the queuing system model in [23] is followed in this paper.
Assume a one-directional road of length L contains sub-segment S = {s4, s,...s,} refer to Fig.

1. At the highway, the arrival of vehicles follows Poisson distribution along mean % per unit

time. The arrival rate is constant A;(i = 1,2,3 ...n) with unit veh/h for each road segment s;.
Let suppose that A; = A, and A; = A,. The headway distance and inter-arrival time of two
vehicles follow the exponential distribution. The vehicles cannot travel freely in Fig. 1,
because of the intersection. These vehicles on segment S-1, S-2 and S-3 will follow the S-4
direction after crossing the intersection. Refer to Fig. 1.

We assume each vehicle with different velocity entering the road segment s. The
steady-state distribution of vehicles is considered by the authors of [14] [22] and [23]. In their
models, they assumed constant speed for a specified time duration and they modeled speed as
Gaussian distribution. When assigning v as a random speed to a vehicle, then probability
density function of Gaussian distribution is [13] [15] [24].

1 _(w-w)?
e 20?2 8
o.V2n ®)

fw) =

The mean and standard deviation of speed v is represented by p and o. A new parameter
named speed factor A was introduced by the authors in [14]. The intensity of vehicles on the
highway is shown with parameter A with estimating unit h/Km and reflects the effect of speed
on headway distance as shown below analytically.

= d(v) )

A= f v’"“’“ﬁ:S))

Vmin
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A
o) = £ £,(S)d(S) (19)

where upper and lower speed limits of vehicles are v,,,, and v,,;,. Limitation: The same
speed is considered for all the vehicles including same mean p and ¢ standard deviation,
which follows the Gaussian distribution. Considering same speed at all-time seriously affects
the headway distance on highways. The headway distance between vehicles will become
steady as long as speed remains consistent and the situation will be unrealistic.

We revised the speed factor A with USF, which depicts the vehicles intensity on a
sub-segment of road s with evaluating unit h/Km and reflects the effects of relative speed on
headway distance. The proposed USF metric is based on the relative speed with distinctive
mean p and o standard deviation, as given.

Vi ~ n(u1'012)
Vy ~n(uy, 022)
Vs ~ n(u3'032)

Vg ~ n(Hn—l'Ur%—ﬂ
Vo ~ n(lin, 07) (11)

The vehicles on the highway are { V3, V,...V,,_1, V,, }. With different mean and variance, each
vehicle follows the Normal distribution, because of the road condition and drivers intention.
The relative velocities and probability density functions will be f(v;,) ~ n( 5, 6%), Where
Vi =V — Uy Wy = Wy — Uy and o2, = g2 + oZ. If the two vehicles i and j having
differential velocity v, then

. N\ 2
1 o — (v—(izn—vzj)) (12)
of+af N2n Z(Ui +UJ’)

fWrel) =

The deviations of vehicle i and j are o; and g;. The probability density function f(v;.;)
denotes the normal distribution of speed. According to (12), the description of USF becomes.

USF:fvmaxf”*%(v)d(v) (13)
fv(vrel)

v (Vrel) = = 14

fo Wre) fv,:;x(s) i) (14)

The truncated velocities are v,,;;, and v,,4,. USF uses exponential distribution based on
variable arrival rate [13] [15] as shown in (15)

s 1 =

F(G)=qer (15)

B B

For a given mean p (15) gives the probability of s unit headway distance.
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5. Connectivity of VANETSs for Different Mobility Environments

The connectivity probability p,. of the vehicles is the main concern of this paper using USF in
high-speed scenarios. As connectivity is a function of vehicle density, hence in both mobile
and static scenarios, spatial density should be evaluated.

5.1 Evaluation of Vehicle Density

The spatial density of vehicles defines the vehicles intensity on road [20] [15]. The node

spatial density has an opposite relation with road length L. Assume s a road segment having

length L including vehicles arrival rate A from t, to t;. Then on road segment s vehicle,
spatial density p is

(t1 — to)A

p="1 0" (16)

S

Where in the time interval [t,— t;] p is the spatial density of vehicle. In the mobility case,

assume with A arrival rate of vehicles at road segment s with average relative speed factor USF,

then the number of average vehicles n at time t is

n = LA (USF) (17)

In (17) USF is the average speed factor as derived in (13). Along with the proposed
connectivity definition, the proof of (17) is shown in Appendix.

5.2 Static Connectivity

In the static environment, on the road segment s vehicles will make a stationary platoon.
Suppose at time t, a sorted queue is formed by vehicles based on the location indicated as
{V1, V,, V3...V,} on road segment of length L. Suppose the random variable X; represents the
headway distance between vehicles V; and V;,. [13] [15]. If there is, a route connecting any
two vehicles the VANET is connected. It is very clear now that the distance amongst any two
vehicles must be lesser than the transmission range of the vehicles R. Let in a sub segment s the
connectivity probability P, of vehicles [13] [15], then

PC - pT{Xl < R,XZ <R ...ndn_l < R} (18)

where X; is a i, i, d random variable and R is the vehicles transmission range. When at least k
vehicles are connected on road segment s the connectivity probability P. is

PUO=Przk=) Pla=0D= ) (RE) = 1-e Pl (19
i=k i=k

In (19), F¢(.) is the distribution function of the headway distance. k shows the connected
vehicles at time t and n is the number of total vehicles, p is defined in (16). The node mobility
is neglected in (19). Once introduce the mobility, the increase in connectivity will be observed,
this is the main contribution and motivation of this paper.
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5.3 The case of mobile connectivity

The core parameter which affects the VANET performance in all aspects is mobility. Because
of the lack of deep analysis of real-time vehicular mobility traces, we are unable to recognize
the connectivity in real-time scenarios. Specially, the method of how the mobility of
networked vehicles effects the network connectivity remains unidentified. The main concern
of this paper is free flow connectivity [25]. The probability of having k vehicles connected in a
road segment s with transmission range R and arrival rate 4; is

R
~LsAi(USF) [y

P.(k) =P(n2k=2(1—e (20)
i=k

The number of total vehicles is n and USF is the proposed USF given in (13). In the Appendix,
proof of (20) is given. By using (17), it gives

o R
P.(k)=P(n >k = 2(1 _ D) 21)
i=k

where the average number of vehicles is ng, L is the highway length and the fixed transmission
range of every vehicle is R.

6. Discussions and Obtained Results

This section compares the performance of the USF with the existing method [14] in terms of
connectivity and tested its efficiency and likelihood in different simulation scenarios.

We divide this section into two subsections. In the first section, the congested and static
scenario including its comparison with the existing method is highlighted. The second section
represents the simulation performance of USF in high mobility scenario.

6.1 The case of static and slow mobility analysis

The static scenario as shown in Fig. 1, examines the scenario on intersections, where vehicles
are considered static. Since the vehicles are static, the proposed USF is not considered and the
relation between connectivity P, and node spatial density is analyzed by (19).

With the arrival rate of A ={0.1,0.5,1} veh/sec, the temporal-spatial density p is
considered as given (16). The relation between connectivity and temporal-spatial density is
depicted in Fig. 5.
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“~ h=0.1 veh/sec, NL=2

0.2 A=0.5 veh/sec, NL=2

—a— A=1 veh/sec, NL=2

—w»— h=0.1 veh/sec, NL=3

00k —+— A=0.5 veh/sec, NL=3
" —a4— A=1 veh/sec, NL=3

Connectivity
B

5 10 15 20 25 30
Time (Sec)

Fig. 5. Connectivity versus spatial node density (static scenario, length of road L = 10 km, number of
road lanes NL).

It is shown in the results that under different arrival rates (A = 0.1, 0.5, 1 veh/sec), with the
increase in arrival rate connectivity increases. The connectivity of vehicles also affected by
road lanes. It is observed that by keeping the same arrival rate as compared to three lanes road
the connectivity of two lanes road will be higher as shown in Fig. 5.

Now we consider the slow mobility with mean velocity p 20 Km/h and 40 Km/h. The USFs
of 20 Km/h and 40 Km/h are 0.07271 h/Km and 0.07096 h/Km respectively using (13) with
Ug = 21lmand o = 21 Km/h.

1.0

ol
[
\'

o
o
T

-t
£
T

Connectivity

02k Departure Speed 20Km/h(Proposed)
—&— Departure Speed 40Km/h(Proposed)
| —&— Departure Speed 20Km/h(Existing)[26]
~w¥— Departure Speed 40 Km/h(Existing) [26]
0_0 L " L " 1 " L " 1 —

10 15 20 25 30 35

Time (Sec)

Fig. 6. The impact of spatial node density and slow mobility on connectivity (R = 500 m, road length L
=1Km).
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The connectivity is affected by mobility as shown in Fig. 6. The connectivity probability is
improved by 20% with the proposed USF as suggested by the results. In the case of slow
mobility scenario, the proposed USF outperform than existing method [14] as shown in the
line graph.

As a conclusion, we observe that using exponential distribution as headway distance and
relative speed can improve the overall vehicle's connectivity.

6.2 The case of high mobility analysis

In the mobility scenario, connectivity is a function of USF as defined in (13) including
transmission range R and arrival rate. In the high-speed scenarios, it is shown that the
connectivity probability P. is affected by mobility positively up-to p; and once the mean
velocity exceeds i, the decrease in the connectivity is observed as shown in Fig. 7, 8. With
vehicle density 100 and 200 the p, in Fig. 7 is 80 and 85 Km/h respectively. The influence of
speed factor and transmission range R on connectivity is also given in Fig. 8. The u, becomes
80 and 90 Km/h, in the case of transmission range R as shown in Fig. 8. As compared to
existing methods simulation shows better connectivity by adding USF as shown in Fig. 7, 8.
Both slow and high mobility scenarios are analyzed in the simulation section. Based on the
results, it is observed that in slow mobility scenarios, the connectivity decreases slowly after
passing the threshold limit.
But in the case of high mobility scenarios, after passing ., connectivity decreases very fast.
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Fig. 7. Proposed versus existing connectivity method (o = 40 Km/h, exponential mean p; = 100 m, R
=500 m, road length =5 Km, n: number of vehicles).
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Fig. 8. Proposed versus existing connectivity method (exponential mean p; = 100 m, ¢ = 40 Km/h, R
=500 m, road length =5 Km, n: number of vehicles = 500).

7. Conclusions

The number of simple routes (SRO) is less than the number of Source-to-Terminal routes,
Vr; is a simple network, R(Vr;) can be easily computed. The workload at 1st hand apply

Inclusion-Exclusion principle or enumerate Source-to-Terminal route is very long, that’s why
the expression for R(V;) is long. Compare our algorithm the workload is less, also the
expression is short. This is the advantage of our algorithm. The enhanced mobility factor USF
offers an improved stochastic connectivity of vehicles. The connectivity is a function of node
density, transmission range, and mobility. All the parameters are directly related to the
connectivity. An extremely congested traffic environment will be extremely connected. The
connectivity will be increasing until a given threshold but will decrease after reaching that
threshold.
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Appendix

Proof of the mobile case connectivity EQ. (20)
Assume n vehicles with radio propagation range R are traveling on a road segment s of length
L with the vehicles arrival rate A from time t, to t;. Suppose that the condition of the road is
normal, then only two depended parameters are left such as speed and arrival rate.

Case I: Time-Variant Arrival rate and connectivity: The number of vehicles crossing
through road segment s in the time interval [ ¢;¢;] with time variant intensity rate A is computed
as below.

j
V= Z(Tkxk) (22)
k=i

Consider the departure rate A*(fixed at every interval of time), then spatial density p will be

_ Thei(Ticdie = )
L

(23)

Hence the description of connectivity will change to the time-variant arrival of vehicles by
putting (23) in (20).

Case IlI: Vehicle Speed and Connectivity: Assume speed of all the vehicles follow
Gaussian distribution n (i, ) having unique mean p and standard deviation o. In literature
[12], the authors presented a parameter which shows the inter-distances and speed association

by % To find the number of vehicle, it is known that, number of vehicles = highway length x
density of vehicles. Hence

LA
n === (24)
i

In the proposed case, the USF is considered as given in (13) instead of fixed speed and vehicle
arrival rate. Since USF parameter is an inverse of normal speed, which correlates the
inter-vehicle spacing with relative speed.

Veh Density (d) = (USF).A
number of vehicles (n) = (USF)AL, (25)
Spatial density p can be calculated as below

(USF)AL,
p=——

I (26)

USF is the proposed speed factor. Hence by putting (26) in (20), the new definition based on
vehicle mobility is obtained.
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