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Abstract— A new approach to vehicular communication
employing equal weights for distance and vehicular speed
for centralized and decentralized communication is
presented. The main objective of this work, which is to
establish utilization expression and characteristics for an
optimized balanced vehicular communication is achieved.

The technique is based on analyzing effect of
communication process (centralized, decentralized) on
transmission efficiency and probability of failure. The
analysis using utilization function, cluster head selection
time, and end to end transmission time. The simulation and
analysis concluded that the decentralization approach is
more efficient compared to the centralized approach, so
combination of both is proved to be effective. The work also
uncovered the need for optimization of vehicular speed
relative to transmission radius and use of zoning to
effectively improve transmission efficiency. Mathematical
models are presented that covers a critical relationship
between probability of transmission failure, cluster head
selection time and end to end delay. Also, an important
mathematical expression that considers cluster head
selection time and end to end delay and their effect on
connection utilization is presented. The work proves that
combined centralized and decentralized techniques using
balanced weights approach is effective using dynamic
weights selection algorithm that determines optimum
weights for both used variables (distance, Vehicular speed).

Keywords— V21, V2V, Clustering, Connected Vehicles,
Cluster Head, Routing, Balanced Weights
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I. INTRODUCTION

ehicular communication has the objectives of safety,
mobility and environment with additional attention paid
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to efficiency, Productivity with economic and social benefits,
leading to smart city environment.

Vehicular ad hoc network (VANET) employs routing
protocols in order to achieve vehicle to infrastructure (V2I)
and vehicle to vehicle (V2V) communication effectively [1-
10]. It uses clustering in order to optimize communication
bandwidth, so that it is not flooded and congested. Intelligent
transport  systems (ITS), wuses information and
communication technologies and their applications in the
transport sector. VANET enables decentralized and
distributed = communication  applications  alongside
centralized communication applications and can be critical in
places lacking communication infrastructure [11-15].

Clustering is a critical technique used by routing protocols in
vehicular ad hoc networks communication. In clustering,
VANET nodes are organized with cluster members (CMs)
and cluster head (CH) with focus on performance using
metrics such as:

1. Ratio between CH nodes and total number of nodes

(CMs)

2. Packet Delivery Ratio (probability of successful
transmission)

3. End to End delay (overall transmission time to CH)

However, it is of prime importance to consider topologies
and spatial relations between vehicular nodes, which
includes their continuous movement. This dynamic
consideration is critical in VANET, and can be aided by zone
consideration, which also affects the employed data routing
protocol.

During the vehicles movement, communication is
established using VANET through the on board units
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(OBUs) and different types of wireless enabled devices,
through vehicle to everything (V2X) process. Other devices
could be road side wunits (RSUs) using vehicle to
infrastructure communication (V2I), or other vehicles using
vehicle to vehicle communication (V2V), mobile devices
such as mobile phones, or cloud. Using dedicated short range
communication at 5.9 GHz, vehicles can communicate with
infrastructure or other vehicles under the IEEE802.11p
protocol specification [16-20]. The standard like other
vehicular communication standards covers transmission
range, throughput and data rate with focus on safety,
mobility, and efficiency with high probability of successful
transmission, which is associated with effective routing
algorithms and linked closely to topological mapping [21-
25].

Safety and mobility applications using V2V and V2I
covers many areas including traffic management, safety
applications, mobility applications, and emergency and
priority applications among others. Mobility applications in
particular are of great importance as it is affected by the
dynamic movements of vehicles, which in turn affect
communication reliability. Signal transmission is also
affected by topological changes related to vehicular
movement, affecting routing and hopping patterns and could
suffer signal disconnection [26-32].

This effect results in more work towards optimization of
clustering algorithms. Clustering is considered a critical
factor that enables more efficient and higher WSNs lifetime
due to the grouping of nodes with CHs being used for
centralized and decentralized data transmission. Thus, CH
selection is a very important task in any devised algorithm
for clustering. Researchers used approaches such as
hierarchical routing and hybrid optimization approach,
where CH selection is computed using parameters such as
distance, energy consumption, delay and resulting quality of
service. This is achieved using algorithms such as Particle
Distance Updated Sea Lion Optimization technique, Particle
Swarm Optimization, Dragonfly algorithm is also mentioned
by researchers, with other researchers investigating ant
colony algorithm and fuzzy logic algorithm [33-34].

In this work an investigation through MATLAB
simulation is carried out to study the efficiency and
effectiveness of centralized and decentralized vehicular
communication as independent processes and their
advantages when they are combined. The objective is to try
and prove that the combined communication system is better
balanced than the centralized system. The work also presents
effect of vehicular velocity and distance as weighted
parameters on the efficiency of the communication process.

The work differs from others in terms of assigning zones
to enable better control and management of WSN nodes with
application of a process that assigns CHs to nodes closest to
the static RSUs to reduce probability of disconnection with
intelligent rules to enable predicting locations of CHs in
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order to assign them to RSUs and to support Dijkstra based
routing.

II. METHODOLOGY

As aresult of the dynamic nature of VANETS, V2V and V21
communication will suffer partial data loss due to connectivity
interruption [21-25]. Thus, after selecting CH it is important to
continuously update nodes positions (trajectories) using zoning
approach. MATLAB simulation is carried out covering six
zones with a two-lanes, each lane is 100 meters wide. Selection
of CH is based on computing dynamic weights for both speed
and covered distance using V2V and V21 communication using

equations (1), (2) and (3).
) (1)

o
) @

Q; = <
-3

w=0Q;+0Q,

-Ql * CHposition

CHposition

Q2 * CHspeed
CHspeed

In the simulation, dynamic computation of the weights {Q;, Q,}
is carried out in order to establish the best values for higher
efficiency. The computation converges at (; = , forming
balanced weight distribution for CH selection for both distance
and vehicular speed. The algorithm is run for centralized and
decentralized  separately. Combining centralized and
decentralized process involves balancing weights for each
process to obtain the combined results.

The overall transmission efficiency is computed using combined
centralized and decentralized processes. The purpose of the
simulation is to analyze the communication process of both
centralized and decentralized communication and the
advantages of combining both processes using probability and
utilization functions.

The simulation process includes:

1. Simulation of centralized data transfer through CH to

RSU communication using balanced distance and

vehicular speed assigned weights to compute
efficiency.

2. Simulation of Decentralized data transfer through CH
to CH communication using balanced distance and
vehicular speed assigned weights to compute
efficiency.

3. Simulation of Combined data transfer through CH to

RSU-CH and CH-CH-RSU communication using
balanced distance and vehicular speed assigned
weights to compute efficiency.
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Equal weights to both distance between
communicating nodes and vehicular velocity are used
in order to establish effect of each parameter separately
before using the combined approach.

Intelligent predictive rules are used to assign CHs
closest to RSUs and select CHs per divided zones.
Dijkstra algorithm is used for routing between CHs and
between CHs and RSUs.

Permutation and iteration algorithm is used that try
different weights for distance and vehicular speed in
order to select the optimum ones.

Figure 1 show the simulation arrangement:

RSU |
\ I | Traffic Direction |
@‘ (e )7 CH
Zone 1 Zone 3 Zone 5
| Tratfic Direction | I
\
L Cane——
RSU Zone 2 Zone 4 Zone 6

Fig. 1 Simulation arrangement.

III. RESULTS AND DISCUSSION

Figures 2 and 3 show simulated efficiency results for both
centralized and decentralized vehicular communication using
CH approach. It is evident from the figures that the
decentralized approach is more efficient as a function of both
travelled distance and vehicular speed in reference to
transmission radius (100 m). However, if both systems are
combined to enable a more comprehensive vehicular
communication system, the result is shown in Figure 4. Figure
4 present a decrease in transmission efficiency in comparison
to the decentralized approach, but an increase in comparison to
the centralized approach at far distances relative to the
communication distance and transmission radius. The results
agree with theory as the further the vehicle (node) travels the
static or centralized data transmission will lose efficiency,
which will result in an increase in the probability of failure (Py).
This is not the case with the decentralized approach as both
communicating nodes are moving relative to each other.

E-ISSN: 1998-4464

720

Volume 16, 2022

80

70+

60

50

40+

30

20+

Transmission Efficiency

10+

il

80 100 120 140
Transmission Distance (m)

E°2
20

&
40

L
60

160 180

Fig. 2 Vehicular centralized communication.
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Fig. 4 Combined centralized and decentralized vehicular
communication

Equation (4) show the relationship between transmission

efficiency and probability of transmission failure.

(Transmission Efficiency)
100

) (4

P = (1—Pf)=<

P Transmission efficiency
Ps : probability of transmission failure

Probability of transmission failure can be related to
connection utilization as shown in equation (5).

Transmissionyiization = m

.(5)
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The utilization expression includes both probability of
failure and effect of selecting a cluster head (CHiime) on the end
to end communication time (E2Eme). The ratio represented by
R is an important parameter in determining transmission
efficiency and shown in equation (6).

CH,;
R= (ﬂ) .(6)
EZEtime

From Simulation the ratio R is given by equation (7).
R=2x(1-P)" .. (7
Where:

A : Multiplication coefficient (0.1< A)
w: Power coefficient related to the relative vehicular speed to
communication radius (1 < p).

The relationship between R and transmission efficiency is
shown in Figure 5. The plot indicates that as the probability of
failure decreases due to higher efficiency associated with the
effect of decentralized communication on the overall process of
centralized and decentralized communication combined, the
effective CH selection time in relation to the overall
communication time will be reduced as a result of less
disconnections and the dynamic behavior that is added by the
decentralized process, thus overcoming static shortcomings for
the fixed RSUs. This process affects routing and data
transmission processes and as a consequence of using
decentralized approach in addition to the centralized one, the
overall efficiency is improved and with lower CH selection time
, the whole process becomes much more efficient.

3.00

2.50

2.00 \\
@ 150 \
1.00
0.50 =

0.00
000 010 020 030 040 050 060 070 080 090

—

1-P;
Fig. 5 effect of End to End and CH selection times on
transmission efficiency  using  combined vehicular
communication.

Substituting equation (7) into equation (5) yields
equation (8).

—u
CHtime = EZEtime*(A * (1 - Pf) ) .. (8)
Equation (8) shown the relationship between probability of

failure of transmitted data and cluster head selection and the
effect on end to end time. As probability of failure increases, so
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does the end to end time, due to the need to re-transmit and all
of that dependent on the optimum selection of cluster head.

The probability of transmission failure (N;) can also be
related to the number of attempts to send data over a wireless
link to CH in VANET using the relationship in equation (9)

Ne=(1-P)" ..(9

Substituting equation (9) into equation (5) yields equation
(10)

Transmissionytiization = ..(10)

N,(1+R)

Substituting equation (7) into equation (10) results in
equation (11)

1

(Nt + (N x (a1 - Pf)‘“)))

Transmissiony;iization =

~(11)

Equation (11) can be simplified as in equation (12).

1

Transmissionmmzation = m
t t

~(12)

Equation (12) can be used to determine connection
utilization according to the following:

1. N;=1 = Transmissionyiiztion = (ﬁ) ..(13)

This indicates and excellent connection with almost
zero probability of failure (Ps).
1

2. Ny » 1= Transmissionyniization = (N_t

) S50 ..(14)
As the number of attempts increases without successful
data transmission, the probability of failure will
increase, thus reducing utilization to almost zero.

3. In between cases 1 and 2, the utilization follows
equation (12).

IV. CONCLUSIONS

In this work, analysis through simulation is carried out on
centralized and decentralized vehicular communication with
balanced weight of selection for cluster heads. The simulation
and further analysis proved that it is possible to improve
efficiency for vehicular communications systems employing
static RSUs and CH process by adding a decentralized process
to the overall communication system, thus resulting in a
combined centralized and  decentralized  vehicular
communication, such that the best of both techniques is utilized
, which result in an optimization of the CH selection process,
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and improving the transmission coverage for the systems using
centralized process, together with the use of the zoning
approach that enables more flexible design and control of the
communicating traffic. Using centralized alone or decentralized
alone will have disadvantages such as signal disconnection and
effect of vehicular speed. These can be minimized using
combined communication with attention to relative vehicular
speed to transmission radius and by increasing signal strength
and better CH selection. Further simulation and analysis using
different road topologies associated with different vehicular
speeds and inclusion of other affecting elements such weather,
road conditions, type of areas (rural, urban, city) is necessary to
enable better mathematical modelling and better CH selection
process, which should be correlated to routing algorithms,
available networks, and internet of vehicles (IoV), with cloud
computing applications.
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