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Abstract: This paper investigates the effectiveness of using P-persistent carrier sensing multiple access (P-Persistent
CSMA) on vehicular connectivity as vehicles dynamically form temporary communication networks using simulation
and mathematical modelling. In the connected and autonomous environment, effective and efficient connectivity
between vehicles (V2V) and between vehicles and infrastructure (\V2l) is critical. The simulation was performed in
MATLAB and included the investigation of the effect of vehicular density, probability value change, and increase in
Backoff time, and change in data frame size. The results showed that as vehicular density, probability, and data frame
size increased, throughput decreased as data traffic increased, whereas as Backoff time and probability increased,
throughput increased. Furthermore, as data size increases with decreasing probability level, channel utilization
improves. Based on these findings and the derived mathematical expressions, a proposed dynamic and adaptive model
is presented, allowing for maximum throughput while minimizing collisions. This is accomplished by equating four
mathematical expressions and substituting them using iteration to achieve a balanced and optimal level of
communication channel utilization by dynamically adjusting the three main parameters under consideration as a
function of increasing vehicular density (P-Persistent probability level, Backoff time, and data frame length). To
achieve such dynamical and adaptive optimization, four mathematical expressions are used. The resulting model is
promising and will improve the efficiency of non-adaptive conventional P-Persistent CSMA. The presented work
proved to increase the effectiveness of the conventional p-persistent technique using a multi-dimensional parameter
correlation, which is more effective than weighted, slotted, or adaptive P-Persistent approaches.

Keywords: P-persistent, Connected vehicles, Intelligent transportation systems, Network connectivity, Probability,
CSMA, Backoff, Wireless communication.

(V2P) communication. These

Introduction capabilities will make it possible to develop a wide

communication

Advanced communication technology will be
used in future vehicles and roads to improve driving
safety, efficiency, and environmental sustainability.
The safety improvements will mostly be attained
through informing the driver of important safety
information via applications.

In order to significantly improve safety, mobility,
and the environment, vehicle-to-vehicle (V2V) and
vehicle-to-infrastructure  (V2I) communications
involve the wireless interchange of data among and
between infrastructure and vehicles traveling in the
same area. Additional associated pedestrian-related
capabilities are referred to as "vehicle-to-pedestrian”
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range of safety applications and systems for both
infrastructure and vehicles. In order to provide active
safety  applications, these systems enable
communication between all on-road vehicles and the
surrounding environment, as well as with pedestrians
and other vehicles. These technologies provide a
network of communication that can be used to
enhance mobility and environmental effects [1-7].
With the recent rapid advancements in wireless
communications, particularly as an intelligent
transportation system (ITS), vehicle-to-vehicle
(V2V) communications have attracted significant
attention. By exchanging vast amounts of
information using basic safety messages (BSMs)
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among the vehicles in the vehicular ad-hoc network
(VANET), it is seen to be a solid proposal to reach the
desired degree of traffic safety [8, 9].

VANETs possess dynamic and mobile topology,
which need to be utilized to provide safe and
comfortable driving through vehicle-to-vehicle
(V2V) and  vehicle-to-infrastructure (V2D
communication. High mobility, the restriction of a
dynamic road network topology, unpredictable
network size, and infrastructure support are only a
few of the challenges for using VANETs. Such
variables would affect communication and
accessibility strategies as they affect scalability,
recurrent information exchange, time-critical
communication, wireless medium of communication,
and data exchange efficiency [10-12].

In general, VANET applications can be divided
into two groups: safety-based applications (traffic
management and accident prevention) and non-
safety-based applications (services such as parking
and congestion avoidance).

Communication using VANETs has been
regulated by the usage of dedicated short range
communication (DSRC) under IEEE 802.11p
protocol, wireless access in vehicular environments
(WAVE) under IEEE 1609 protocol, and 5G long-
term evolution (LTE). Dedicated frequency bands
have been adopted for vehicular communication
under intelligent transportation systems (ITS). The
communication spectrum is divided using single
channel and multi-channel media access control
(MAC). The multi-channel MAC handles load
balancing and collision avoidance by offering various
channel access mechanisms, whereas the single-
channel MAC concentrates on resource allocation
[13-17].

The medium access control (MAC) protocol was
designed to support a variety of VANET of both
safety and non-safety applications. MAC protocols
utilized are referred to as contention-based MAC
protocols if cars access the channel using the carrier
sensing mechanism to exchange their data. The
fundamental drawback of this strategy is that when
nearby cars simultaneously send their data, packet
collisions take place at the receiver. Contention-free
MAC techniques are characterized by permitting just
one vehicle from the neighbourhood to access the
channel at any given time if no collision data is
transmitted. The need to save the schedule table and
time synchronization is a drawback of this method.
There has been a tremendous amount of work
focusing on VANETs utilizing IEEE 802.11p, the

default standard for distributed V2V communications.

The IEEE 802.11p standard is a contention-based
MAC protocol method using carrier-sense multiple
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access with collision avoidance (CSMA/CA) to avoid
interference and collisions between different nodes
[18-20].

The core of modern wireless media access control
systems are the CSMA-based algorithms. The
fundamental CSMA methods have undergone a
number of improvements over the past few decades,
mostly to facilitate collision avoidance. The p-
persistent model's potential for studying the
behaviour of numerous CSMA protocols has lately
initiated renewed interest in the performance analysis
of the p-persistent CSMA. A crucial performance
indicator is the p-capacity. CSMA's It determines the
maximum channel utilization achievable in the p-
persistent CSMA under different probabilities [21-
24].

It is established that a node trying to send
information will contend with other nodes for the
shared channel according to the p-persistent CSMA,
transmits data with probability P if the channel is idle,
and postpones transmission with the probability (1-p)
if the channel is busy. In general, MAC protocols for
wireless networking need high bandwidth. In general,
the percentage of channel bandwidth utilized for
successful transmissions is an indication of the
overhead cost by the media access protocol
coordinating transmission among contending nodes
the nodes. Channel utilization in p-persistent CSMA
is greatly affected by the probability value, which
represents the persistence level of the protocol [25-
30].

2. Related work

In the medium access control (MAC) protocol
known as carrier-sense multiple access (CSMA), a
node first confirms that there is no other traffic
present before broadcasting on a shared transmission
medium. In accordance with CSMA, a transmitter
first checks to if another transmission is already in
progress using a carrier-sense method. It checks to
see if a carrier signal from another node is there
before attempting to broadcast. If a carrier is detected,
the node waits for the current transmission to finish
before starting a new one. Multiple nodes may send
and receive on the same media in turn using CSMA
[31-35].

Different CSMA variants employ various
methods to choose when to begin transmission onto
the shared medium. These algorithms' aggressiveness
or persistence in commencing transmission is a
crucial differentiator. A more aggressive algorithm
can start transmitting more rapidly and use a larger
portion of the medium's available bandwidth. Usually,
this comes with a higher chance of colliding with
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other transmitters [36-40].

An aggressive transmission algorithm is 1-
persistent CSMA. The transmitting node detects
whether the transmission medium is idle or busy
when it is prepared to send. If idle, it communicates
right away. If busy, it constantly senses the
transmission medium until it is idle, at which point it
sends the frame of the message unconditionally (with
probability equals to 1). If there is a collision, the
sender waits for an arbitrary amount of time before
trying the same method again.

A non-aggressive transmission algorithm is non
persistent CSMA. The transmitting node detects
whether the transmission medium is idle or busy
when it is prepared to transfer data. If idle, it
communicates right away. If the channel is busy, it
skips straight to the 1-persistent CSMA's final
random waiting step before restarting the entire logic
cycle once more. This avoids monitoring the busy
channel repeatedly while trying to send a message,
hence the name. This method, compared to 1-
persistent, results in a greater initial delay but lowers
the likelihood of collision and increases medium
throughput overall.

Between the 1-persistent and non-persistent
CSMA access modes lies the P-persistent algorithm.
The transmitting node detects whether the
transmission medium is idle or busy when it is
prepared to transfer data. If idle, it communicates
right away. If it's busy, it continuously senses the
transmission channel until it is idle, at which point it
transmits with probability p. The node waits until the
following time slot is open if it decides not to transmit
(the likelihood of this happening is 1-p). It transmits
again with the same probability p if the transmission
medium is not busy. This probabilistic hold-off
continues until the frame is eventually transferred or
the medium is discovered to be busy once more
(some other node has already started transmitting).
The node repeats the entire logic cycle (which began
with sensing the transmission medium for idle or
busy). In CSMA/CA systems, such as Wi-Fi and other
packet radio systems, p-persistent CSMA is
employed.

The conventional P-persistence techniques could
result in a data traffic congestion problem when
broadcasting over vehicular ad hoc networks. Three
modified techniques are developed to counter such
effect:

*  Weighted p-persistence
»  Slotted p-persistence
»  Adaptive p-persistent

Vehicular density and distribution have a
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significant impact on how well the slotted p-
persistence system performs. The slotted p-
persistence technique can therefore result in a lengthy
wait before rebroadcasting in a sparse network when
no cars are present in the prior slots. On the other
hand, in a congested network, several vehicles will
attempt to rebroadcast concurrently in the same slot,
leading to data traffic congestion [41-43].

The slotted p-persistence scheme, which is based
on estimating the vehicular density, has already been
improved by a number of methods.

A dynamic broadcast technique to adjust the
rebroadcast probability p is researched. Meanwhile,
other approaches proposed a plan to dynamically
change the number of spaces in accordance with
vehicular density. However, in actual highway
circumstances, the density of the vehicles fluctuates
continually, making it impossible to distribute them
uniformly throughout the slots. As a result, neither
strategy can eliminate the needless waiting period
before rebroadcasting caused by empty slots, or slots
with no vehicles [44-46].

The relative distance between the vehicle and the
broadcaster is used to compute the rebroadcast
probability p of a vehicle using the weighted p-
persistence approach. In this system, vehicles that are
further away from the transmitter are given a larger
probability. In the meantime, the broadcaster's
transmission range is divided into a predetermined
number of slots in the slotted p-persistence scheme,
and a vehicle rebroadcasts the message using the
predetermined probability p at the designated time
slot according to its location within the slots in the
transmission range.

Each vehicle calculates the waiting period before
broadcasting using data from the global positioning
system (GPS). For the majority of multi-hop VANET
applications, it is suggested that the slotted p-
persistence scheme may further lower the broadcast
redundancy and packet loss ratio when compared
with the weighted p-persistence scheme.

P values are modified in adaptive p-persistent
CSMA in accordance with the channel circumstances.
The same methods employed in link adaption
techniques in IEEE 802.11 protocol, can be utilized
to obtain the channel conditions. Likelihood of a
successful packet. At high data rates, it is reported
that throughput decreases by two thirds with very
high packet error rates. Using adaptive p-persistent
showed that it can increase total throughput by about
one fourth, even under bad channel conditions,
preventing the deterioration of a service [47-50].

So far, an optimizing and equating mathematical
model is not clearly presented to enable correlation of
different data exchange parameters (Backoff time,
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Probability, Data frame size, and vehicular density),
which this work attempts to present.

For conventional p-persistent, high p values can
cause large collisions, while low p values expected to
underutilize available bandwidth resulting in a semi-
idle channel. Thus to reach acceptable utilization of
communication channel, an optimum p value needs
to be reached. This could be achieved by controlling
the number of nodes sharing the channel at any given
time. Hence, optimal selection of p would become
realistic. Another approach would be to adapt p to the
existing number of nodes. Thus, using the settings
above would enable through simulation to investigate
optimization of p and backoff values in relation to
increasing number of vehicles, and the overall effect
on throughput as a function of data traffic.

Both too low and too high p values reduce
throughput. The likelihood of multiple stations
accessing a channel at once is decreased if p is low. If
p is too low, though, it can lead to empty time slots
and decreased throughput because fewer stations will
actually send. Stations are more likely to transmit
when p is high. However, there is a greater chance
that multiple stations may try to transmit at once,
which raises the likelihood of a collision and lowers
throughput.

In this paper a detailed characterization and
analysis of the efficiency of vehicular connectivity
using P-Persistent is investigated through relating
traffic to throughput, and analyse effect of variation
of parameters such as number of vehicles, backoff
time, number of slots, and data size (Frame Length).

This approach would result in using conventional
P-Persistent with low efficiency and effectiveness
and produce Balanced-P-Persistent with higher
efficiency and ability to be correlated to different
parameters at the same time, resulting in a more
effective communication channel and more
intelligent approach to channel utilization.

The main points of contribution of this work are:

«  Simulation of vehicular communication with
different number of wvehicles (vehicular
density).

» Analysis of effect of vehicular density on the
relationship between data traffic and
throughput.

* Analysis of effect of P-Persistent level
probability on the relationship between data
traffic and throughput.

» Analysis of effect of increasing Backoff time
on the relationship between data traffic and
throughput.

+  Analysis of effect of data frame length on the
relationship between data traffic and
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throughput.

+ Establishing mathematical  expressions
relating vehicular density, P-Persistent level
probability, Backoff time, data frame length
to data traffic and throughput.

+ Establishing mathematical expression that
equate all considered parameters and results
in obtaining optimum values, which when
used, will increase communication channel
utilization  for  vehicular  connectivity
significantly as it allows balancing of all
parameters at a point of optimization.

Comparing the proposed approach to the three
modified (more intelligent) P-Persistent techniques,
the following is realized:

1. In the case of Weighted P-Persistent
techniques, which is considered state-of-the-
art modified P-Persistent, the relative
distance between the vehicle and the
broadcaster is wused to compute the
rebroadcast probability p of a vehicle in the
weighted p-persistence scheme. Under this
system, vehicles that are further away from
the transmitter are given a larger probability.
In this work with the proposed balanced-P-
Persistent technique, the probability P is
correlated to vehicular density (V), Backoff
time (t), and data size (L). This is a multi-
dimensional correlation with dynamic
balancing and proves a better and more
effective approach.

2. In the case of slotted P
-Persistent, which supposed to enhance the
performance of the adaptive P-Persistent
technique, the slotted p-persistence
technique  divides the  broadcaster's
transmission range into a predetermined
number of slots, and a vehicle rebroadcasts
the message using the predetermined
probability p at the assigned time slot based
also based on its location within the
transmission range. Each vehicle computes
the waiting time before transmission. When
compared to the weighted p-persistence
scheme, the slotted p-persistence approach
will further reduce broadcast redundancy and
packet loss ratio and have better
communication effectiveness. However,
compared to the proposed Balanced P-
Persistent, the technique can be utilized with
more parameters than just location.
Vehicular density is a very important

DOI: 10.22266/ijies2023.0630.29



Received: March 2, 2023. Revised: March 30, 2023.

Table 1. Nomenclature

Symbols/ Meaning
Acronyms
\Y Nodes Number: Number of vehicles that generate packets.
P Persistent level probability
Backoff time (1) Backoff value that a node must wait before attempting new
transmission (Mean delay (in slots) for a successfully
transmitted and acknowledged packet).
S Throughput of the P-Persistent Carrier Sensing Multiple
Access protocol.
G Normalized available traffic, with retransmissions included.
R Ratio of Average S to Average G
N Number of Slots
L Data Frame Length.
Saverage Average throughput of the P-Persistent Carrier Sensing
Multiple Access protocol.
Gaverage Average normalized available traffic, with retransmissions
included.
o and Optimizing parameters relating average data traffic to
number of vehicles.
Aand x Optimizing parameters relating average throughput to
number of vehicles.
Y and © Optimizing parameters relating average throughput to
average data traffic as a function of vehicular density.
n and & Optimizing parameters relating average data traffic to
persistent probability.
Jand e Optimizing parameters relating average throughput to
persistent probability.
® and Q Optimizing parameters relating average throughput to
average data traffic as a function of persistent probability.
pand g Optimizing parameters relating average data traffic to
backoff time (7).
candy Optimizing parameters relating average throughput to
backoff time (7).
pand A Optimizing parameters relating average throughput to
average data traffic as a function of backoff time (7).
vand & Optimizing parameters relating average throughput to
average data traffic as a function of data size (L).

366

parameter to consider together with Backoff
time and data size.

3. In the case of adaptive P-Persistent
technique, is a variant of P-Persistent CSMA
with the difference that the probability p
varies depending on the traffic condition,
whereas in p-persistent CSMA it is constant,
in adaptive P-Persistent approach, p is
defined as the Gaussian complementary
distribution function. Compared to the
proposed Balanced P-persistent, the
adaptive approach looks at data traffic in
terms of communication channel quality and
interface, while the proposed technique in
this work takes this into account in addition
to other parameters.

International Journal of Intelligent Engineering and Systems, Vol.16, No.3, 2023

Thus the proposed technique as will be presented
should prove to be a more effective and efficient
implementation of the conventional P-Persistent.

The rest of this paper is divided as follows:

1. Related work: Describing the applicability of
random access and carrier sensing multiple
access technique to vehicular communication.

2. Methodology: Describing research approach
and the simulation scenario with considered
parameters.

3. Results and discussion: Discussing and
analysing MATLAB simulation results and
how channel efficiency can be improved for
vehicular communication.

4. Conclusions: Summarizing the achieved end
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results.

3. Methodology

This work considers a dynamically changing
number of vehicles communicating by forming
temporary vehicular networks (VANETS) and
exchanging basic safety messages (BSMs). The
proposed approach of this work is to consider effect
of the following:

1. Variable number of vehicles
2. Different data frame lengths
3. Changing in P-Persistent slot probability

Such effect is analysed in terms of normalized
offered traffic (G) and throughput (S). The
considered vehicular network has the following
properties on which the simulation scenarios are
carried out:

1. Synchronized in the sense that the slot
bounds of all vehicles are aligned.

2. Each vehicle (node) uses the same protocol

and generates data frame with a probability P

per slot.

Each frame is assigned an N number of slots.

4. An error is assumed in the transmission if
two (or more) stations overlap.

5. It is assumed in the simulation that each
station knows at the end of transmission if it
is successful.

6. In case of an erroneous transmission, each
node will wait for a random time drawn from
a dynamically changing number of slots
(specified in the simulation) at the end of its
own transmission and repeat the protocol.

@

The work simulates p-persistent using MATLAB
in order to investigate effect of the following
parameters on the relationship between traffic and
throughput:

1. Number of vehicles (V)

2. Backoff time (1)

3. Persistent Level Probability (P)
4. Data Frame Length (L).

Table 1 present definition for all used variables in
the simulation and mathematical modelling.

4. Results and discussion
4.1 Effect of number of vehicles (V)

Figs. 1 to 5 show the relationship between S and
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G for an incrementing number of vehicles as a
function of the following parameters:

Number of slots (N) = 12000

Data frame length L= 15

Persistent level probability (P) =0.5
Backoff value (1) = 20 Slots.

el NS

Analysis of Figs. 1 to 5 is presented in Figs. 6 to
8. Fig.6 shows the relationship between average G
and number of vehicles (V). From the plot, an evident
increase in G is observed as vehicular connectivity
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increases. The relationship is proved to follow power
law as shown in Eq. (1).

GAverage = aVFf 1)
Where;
a=>0.1

<11

The power law increases in average traffic as a
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function of V is related to the increase in the number
of nodes with data to send, which expect to result in
more collisions and less throughput. Thus an
optimum and dynamically balanced channel
communication is needed. Such optimization will
require further analysis as will be seen later.

Fig. 7 shows the relationship between average S
and number of vehicles (V). The plot shows a gradual
decrease in the average value of S as the number of
communicating nodes increases. The mathematical
model is shown in Eq. (2).

SAverage =AVT" (2

Where;
A=>2
k=>0.9

The evident and gradual reduction of average
throughput as a function of increasing number of
vehicles is expected, due to increase in data traffic
and possible increase in the probability of data
collision.

To establish effect of traffic on throughput as a
function of increase in vehicular connectivity, Fig. 13
shows a plot of the ratio between S and G as a
function of changing number of communicating
vehicles. The plot clearly shows a power decrease of
the ratio of average S to average G as a function of
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increasing number of vehicles. The relationship is
described in Eq. (3). Such observation supports the
need for a dynamic, adaptive and optimizing
condition to be reached.

The normalized curve in Fig. 8 shows effect of
increasing data traffic as a function of increasing
number of vehicles on anticipated throughput. This
plot gives clear indication to the need to modify and
adapt the P-Persistent protocol to enable higher
throughput levels even with increasing vehicular
density.
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R = (SAverage) — lPV—c]) (3)
Average

From Egs. (3) and (4) is obtained.

SAverage = GAverage(qJV_d’) 4)
4.2 Effect of probability

Figs. 9 to 13 show the relationship between S and
G for an incrementing the P value as a function of the
following parameters:

Number of slots (N)= 12000

Data frame length (L) = 15

3. Nodes number: Number of vehicles that
generate packets (V) =50

4. Backoff (1) = 20 Slots

N =

Figs. 14 to 16 highlight effect of change in
probability value on both G and S. Fig. 14 show an
increase in average traffic as a function of increase in
probability, with Eq. (5) showing the power law
mathematical representation. The increase in average
traffic is due to increase in persistent level of
transmitting nodes, with higher expectation of
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transmission. This will effectively ramps up
anticipated data traffic to higher levels. This
observation supports the need to control the persistent
level probability in correlation with vehicular density,
previously discussed, such that it results in an
optimum utilization of communication channels,
without increase in probability of collision.
GAverage = 711’5 (5)
Where;
n=11
6§<50.7
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for backoff =340

Fig. 15 shows a decrease in average throughput
as a function of increasing probability, with Eq. (6)
showing the mathematical representation. This is due
to the increase in data traffic, due to increased
probability of transmission.

SAverage =9P"¢ (6)

Where;

Fig. 16 show a measuring effect of increasing
probability value on the ratio between average S and
average G. Eq. (7) shows the mathematical model.
The plot shows a decrease in the ratio (R) as a
function of increasing probability.

R = (SAverage) — @P_'Q (7)

GAverage

From Egs. (7) and (8) is obtained.

SAverage = GAverage(OP_n) 3

4.3 Effect of Backoff time (1)

Figs. 17 to 21 show the relationship between S
and G for an incrementing backoff time as a function
of the following parameters:

Number of Slots (N) = 12000

Data Frame Length (L) = 15

Persistent level probability (P) =0.5

Nodes Number: Number of vehicles that
generate packets (V) =50

roppPE

Fig. 22 shows effect of increasing backoff time on
average traffic. The plot shows a steady decrease in
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Figure. 24 Ratio (R) as a function of increasing backoff

average G, represented as in Eq. (9). The reduction in
data traffic consistent with increasing time intervals
before transmission or re-transmission. This is also
related to lowering probability persistent level for a
fixed vehicular density. This observation shows the
need to optimize backoff time in correlation with
vehicular density and persistent level probability in
order to achieve best network efficiency.

GAverage =put* )
Where;

u=35
¢<0.5
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Fig. 23 shows effect of increasing backoff time on
average throughput. The plot shows a steady increase
in average S, represented as in Eq. (10). The tendency
here is opposite to the previous two cases (increasing
v, and increasing P). The increase in S is due to the
decrease of G, as there are more available slots for
nodes to use in their connectivity.

SAverage =ot¥ (10)

Where;
0<0.01
x<0.6

Fig. 24 shows effect of increasing backoff time on
the relationship between G and S through the ratio
(R). A clear increase in throughput in observed as the
backoff time increases. The mathematical
relationship is shown in Eq. (11).

R = (M) = pTA (11)

GAverage

From Egs. (11) and (12) is obtained.

SAverage = GAverage (pTA) (12)

4.4 Effect of frame length (data size and channel
utilization)

Figs. 25 to 32 show the relationship between S
and G for different data frame size (L) and persistent
level probability (P) values, as a function of the
following parameters:

1. 1. Number of slots (N) = 12000
2. 2. Nodes number: Number of vehicles
that generate packets (V) =50
3. 3. Backoff value (t ) = 20 Slots
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Figure. 25 Relationship between throughput and traffic
for L= 20, P=0.1.
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Figure. 28 Relationship between throughput and traffic
for L= 60, P=0.1

Fig. 34 shows effect of increasing data size and
P-Persistent level on the relationship between G and
S through the ratio (R). A clear decrease in throughput
in observed as the P value increases. The
mathematical relationship is shown in Eq. (13). The
plots in Fig. 34 clearly indicate that at small
probability, traffic is much lower, thus throughput
would be higher, with less collisions at high data
levels (frame size L). This indicates the importance
of optimizing frame size as a function of vehicular
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density.

As the probability values increases, more
expected traffic to be generated, which reduces
possible throughput as probability of collisions
increases, which when correlated with bigger data
size would lead to lowering the throughput
significantly in addition to anticipated increase in
collisions as a function of P.
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Figure. 29 Relationship between throughput and traffic
for L= 60, P=0.5
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R () vt gy

GAverage

From Egs. (13) and (14) is obtained.
SAverage = GAverage (VL_E) (14)

Where;
v<0.37
§<0.45
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The optimum throughput can be obtained by
equating Egs. (3), (7), (11), and (14) in order to
achieve equilibrium and thus select the appropriate
parameters to achieve better throughput and lower
collisions per connected nodes over a utilized
communication channel. Using this approach, the
result is presented in Eq. (15).

R= (—5’*""“”9) = @y-® = @P~% = prh = vL ¥

GAverage
(15)
From Eq. (15), the following is obtained:
-Q A -t
== = (16)
—-® A -t
R
py-®  op @ L%
h=——="0 =" (18
s d -Q A
¢ = "":, = @’; = % (19)

By using Egs. (16) to (19), an optimum and
balanced communication channel can be obtained,
whereby an acceptable level of throughput as a
function of data traffic is achieved. This new
approach (balanced P-persistent), is a multi-
dimensional modelling and simulation approach,
which will provide a unique, dynamic and
comprehensive approach to utilize an initially
conventional P-persistent technique with mainly
inefficient characterisitics and produce a highly
efficient and effective vehicular communication
technique.

5. Conclusions

The work explores the characteristics of P-
persistent through simulation and suggests a novel
strategy to permit lower collisions and higher
throughput. In order to enable adaptive alteration of
parameters related to vehicle density, backoff time,
probability value, data frame length. The work
offered an equating approach. As a result, collision
levels can be reduced, throughput can be increased,
and communication channels can be used more
effectively.

Overall, through characterisation, analysis, and
model presentation, the simulation and analysis
showed to be a useful starting point for the
construction of an adaptive and dynamic p-persistent
algorithm.

International Journal of Intelligent Engineering and Systems, Vol.16, No.3, 2023

374

If actual measurements were obtained and
compared to simulations, this study may be further
improved. In order to demonstrate the efficiency of
the mathematical model offered, it must also be used
in a variety of real-world situations. Future
investigations and simulation are needed to further
optimize the new proposed method in order to
effectively correlate all variables under different
communication scenarios, such as bad weather,
traffic congestion, and the presence of buildings and
trees. The simulation needs to be optimised for city,
urban, and rural areas, which takes into account
different vehicular speed and traffic density.
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