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Abstract—Decentralized and centralized vehicular 

communication is investigated in this work using Gaussian 

interpolation function with cluster head (CH) selection technique. 

The work uncovered that the best communication approach is to 

use both centralized and decentralized vehicular communication 

as combining them will achieve a much more uniform results as a 

function of communication radius values and vehicular speed. It 

is also found that vehicular speed contributes negatively to the 

efficiency of data communication if the relative speed of the 

vehicles to the communication radius is limited by their ratios. 

Mathematical expression is presented that relates probability of 

successful transmission to communication radius for both 

centralized and decentralized techniques with data proving the 

importance of the spread parameter within the Gaussian 

interpolation in a tabulated form, and explained to prove the 

adaptability of the function used. It is also shown in this work 

that  weights affecting CH selection, thus using Gaussian 

interpolation is proved to be important as a weighting function in 

an a adaptive and dynamic vehicular ad-hoc networks 

(VANETS) covering both vehicle to vehicle (V2V), and vehicle to 

infrastructure (V2I) communication through cluster head 

selection. 

Keywords—Cluster head; VANETS; adaptive routing; weighted 

clustering; Gaussian interpolation; V2V; V2I 

I. INTRODUCTION 

Due to the increase in connected and autonomous vehicles 
and number of vehicles in urban areas, Vehicular Ad-hoc 
Networks (VANETs) clustering has become increasingly 
crucial. For drivers and passengers, VANETs can provide 
safety-related apps, Internet connectivity, and a variety of user 
applications. 

The real-time identification of road conditions as a function 
of fast vehicle movement and topological changes, which 
necessitates the development of dynamic routing protocols, is a 
difficult issue for VANETs. By increasing connectivity times 
with better signal quality and improving routing performance 
due to scalability, clustering can significantly contribute to 
more efficient bandwidth utilization, dependable message 
exchange and delivery. As a result of grouping traveling 
vehicles into clusters, network performance can be greatly 
improved [1], [2], [3]. 

Clustering is a process of grouping vehicles regarded as 
nodes of a network into groups forming hierarchical structure. 
This structure provides specific functions leading to better 
quality of service (QoS). Consequently, neighboring nodes 

representing vehicles can join a cluster according to stated 
metrics. Generally, the cluster structure has three main types of 
nodes (vehicles): a Cluster Head (CH), Cluster Member (CM), 
and Cluster Gateway (CG). Traditionally, a way to choose a 
CH is to regard the first vehicle moving in a certain direction as 
CH, then Vehicles, within the predefined parameters to CH are 
grouped together, thus forming a multi-hop cluster. However, 
recently instead of just choosing the first vehicle as a CH, 
clustering mechanisms are calculated based on efficiency and 
stability  of a vehicle (node) to its  surrounding environment  
[4], [5], [6], [7], [8], [9], [10]. 

Clustering approach supports direct interaction between 
clusters of vehicles, which VANET routing protocols use to 
improve traffic efficiency and achieve traffic optimization and 
increase mobility and road safety through Vehicle to Vehicle 
communication under cooperative driving principles. In 
VANETs, vehicles have onboard sensing systems and 
transceivers that facilitate V2V communication directly, which 
allows real time exchange of important information with low 
latency independent of road side infrastructure. However, 
under certain conditions, V2V communication requires road 
side infrastructure to enable other safety, mobility and 
environmental supply of data to the travelling vehicles, 
provided through road side units (RSUs), thus forming vehicle 
to infrastructure communication (V2I) [11], [12], [13], [14], 
[15]. 

VANETs covers geographically varying networks with 
changing dynamic range and mobility; so it is essential to have 
efficient routing for VANET environments.  Clustering is one 
among the major classification in energy efficient Vehicular 
Ad Hoc Networks (VANETs covering vehicle to vehicle and 
vehicle to infrastructure communication. Clustering is 
classified according to vehicle position, traffic density and 
congestion level as a function of mobility [16], [17], [18], [19], 
[20]. 

II. BACKGROUND 

VANETs suffer from variables affecting their 
communication and data exchange process such as: 

1) High latency 

2) Data security 

3) Routing and routes length 

4) Channel congestion 
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To enable quality of service and better resource 
management, hierarchical structure is proposed by researchers 
[21], [22]. Such approach describes the process of close to each 
other vehicles, with shared features, to join a group that is 
termed a cluster. In VANETs, the process of clustering 
involves a cluster head (CH), which has the main task in the 
formation process of a cluster. Such a cluster can be formed in 
different ways according to selected metrics. 

CH can be considered as a mobile routing node with CM 
that represent a vehicle as a standard mobile node, where CG 
can be formed by two CMs with an interfacing task. 
Researchers considered metrics to select CH and a cluster such 
as: 

1) Average vehicular velocity 

2) Average vehicular acceleration 

3) Vehicular position 

4) Vehicular heading 

5) Traffic Density 

Coherence, continuity and stability with consideration of 
the above parameters are critical in CH is selection and 
subsequent membership associated with each selected CH. 
Optimizing issues such as routing within a cluster (intra-
cluster) and between CHs and CHs (inter-cluster) are 
dependent on all the previous parameters consideration [23]. 

Research is based on the static approach that depends on 
cluster forming based vehicles closeness to the Base Station 
and or Road Side Unit in order to choose Cluster Head. Other 
research work focused on dynamic and adaptive clustering, 
which eliminates cluster formation based on RSU and 
considers the other metrics such as speed of vehicles, 
destination, and movement pattern in order to form a cluster 
[24], [25]. 

Thus, clustering is critical element in VANET routing 
protocols, whereby a group of nodes is organized to form a 
temporary network on the road on the basis predefined metrics. 
This approach makes the network more reliable and 
controllable as a cluster head (CH) is selected for vehicular 
group on the basis of defined parameters, with the rest of the 
nodes (vehicles) become cluster members (CMs). The chosen 
CH takes on the responsibility for managing the CMs and for 
intra-cluster communication, which reduces Basic Safety 
Messages (BSMs) delivery times. A good clustering approach 
for selecting a CH is to choose the member with highest 
metrics in terms of ability to lead the temporary network for 
the longest time interval with high storage and processing 
capacities [26], [27], [28]. 

In this paper analysis of vehicular communication is carried 
out using CHs approach and Gaussian interpolation function, 
which is employed to enable adaptive clustering by using both 
communication radius and vehicular velocity in order to 
provide more efficient communication and reliable routes. The 
work differs from previous research by incorporating of 
combined Gaussian interpolation and ratio functions into one 
function covering communication variation in two dimensions 
(distance, velocity). 

The rest of this paper is divided as follows: Background 
Methodology, Results and Discussion, Conclusions, 
References. 

III. METHODOLOGY 

VANET is essential for both safety based message 
exchanges for vehicles. Thus, it is important that an optimum 
routing algorithm is achieved with clustering taken into 
consideration, to enable efficient and effective V2V and V2I 
data transfer. By applying message exchange techniques to 
groups of vehicles (clusters) with Gaussian interpolation 
function, more efficient communication channel utilization can 
be achieved. 

Due to the dynamic nature of VANETs, V2V and V2I 
communication could bear some data loss resulting from 
connectivity interruption as a result of vehicular (nodes) 
movement. Thus, it is critical after selecting CH to 
continuously update nodes positions (trajectories). To help this 
process, zones can be created per area under consideration with 
Gaussian interpolation function used to enable smooth and 
continuous transmission and data exchange among CHs, thus 
acting as bridging or linking CHs (BCH). So, CHs will 
coordinate communications between cluster’ members under 
certain criteria with each selected CH communicates messages 
to vehicles known as cluster members (CMs). This approach of 
CH, CM and BCH, reduces routing cost and delay that could 
result during data exchange. 

As a result of the dynamic and mobile nature of vehicular 
communication, there is a need for an adaptive approach to 
vehicular clustering. The approach in this work is based on: 

1) Utilization of Gaussian interpolation as bridge for 

cluster heads (BCHs). 

2) Application of zoning to enable smother, less 

congested communication, with better management. 

3) Implementation of both Communication Radius and 

Vehicular Speed in combination with the Gaussian 

interpolation function. 

4) To enable characterization of the benefits using 

Gaussian interpolation function, standard approach with multi 

hop routing is simulated using: 

a) Equally weighted CH position (Communication 

Radius) and vehicular Speed. 

b) Gaussian weighted CH position (communication 

radius) and vehicular speed. 

To carry simulation for the two approaches, zoning is used 
as a first step in order to better analyze the outcomes. Equation 
(1) show the zoning expression. 

     (       )  (
           

           
)              (1) 

The simulation area is divided into 6 zones , each zone 
width is a 100 meters wide. Within each zone and along the 
travelled path, vehicles (nodes) will form clusters and VANET 
clouds and exchange data (Basic Safety Messages). Choosing 
cluster head and cluster members is carried. 
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Equation (2) show the implementation of Gaussian 
interpolation function used to compute CH selection weight 
CHw with reachability parameter (δ) [29], [30]. 
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Equation (2) can be simplified and result in equation (3). 
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Examining equation (3), three conditions are applied as 
follows: 
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If vehicular movements are outside the effective 
communication radius, then equation (4) will be reduced to 
equation (6). 
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The previous equations show the adaptive behavior of 
clustering and cluster head selection using Gaussian 
interpolation function, when computing weights in a dynamic 
environment, such as vehicular movements. This is not present 
in the standard fixed weight approach for computing effective 
CH selection, which with the membership of nodes will 
definitely affect efficiency of data exchanged, energy 
consumed, routes travelled and transmission delays. 

IV. RESULTS AND DISCUSSION 

Fig. 1 shows the relationship between probability of 
successful transmission (Ps) and Communication Radius using 
Centralized (V2I) communication. The transmission is within a 
maximum radius of 200 meters (The width of two lanes) 
specified in the simulation. It is clear that as the 
communication radius increases, so does the efficiency of data 
transmission due to the following: 

1) Increase of the transmission range. 

2) Increase in the number of RSUs along and across the 

road. 

3) Inclusion of more RSUs and Vehicles. 

Thus errors and probability of error decreases as the 
communication radius increases. It is noticeable that at low 
radius values and due to distance between vehicles and road 
side units (RSUs) the efficiency of data delivery is very low, 
which results in higher probability of transmission error and 
data loss. 

 

Fig. 1. Centralized Transmission Efficiency. 

Fig. 2 shows the relationship between probability of 
successful transmission (Ps) and Communication Radius using 
decentralized and dynamic (V2V) communication. The 
transmission is within a maximum radius of 200 meters (The 
width of two lanes) specified in the simulation. It is clear that 
as the communication radius increases, so does the efficiency 
of data transmission due to the following: 

1) Increase of the transmission range. 

2) Increase in the number of vehicles, thus increase in the 

number of dynamic cluster heads. 

3) Inclusion of more Vehicles, thus more cluster members 

(CMs). 

4) The dynamic interaction between CMs and CHs and 

among CHs. 

Thus errors and probability of error decreases as the 
communication radius increases. There is a clear difference 
between decentralized and centralized transmission efficiency 
characteristics. In the decentralized response in Fig. 2, a 
smoother response with higher levels of efficiency for small 
radius values compared to centralized communication. 

Effect of combining both centralized and decentralized 
approaches in communication is shown in Fig. 3. An obvious 
improvement for small radius values efficiency due to the 
dynamic movement and dynamic communication (V2V) that 
covered some of the shortcomings of (V2I) communication. 
Also, clear, smooth and gradual increase in efficiency as a 
function of radius values for a fixed Gaussian spread value of 
δ=5 is witnessed [31]. Thus despite the small drop in efficiency 
at high distances, the overall response is much more favorable, 
and reliable the either one used independently. 

 

Fig. 2. Decentralized Transmission Efficiency. 
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Fig. 3. Combined Transmission Efficiency. 

 

Fig. 4. Combined Transmission Efficiency with Vehicular Speed Effect 

Due to vehicular movement, the probability of successful 
transmission (Ps) can be affected by vehicular speed depending 
the speed of the vehicle. Fig. 4 show effect of vehicular speed 
on probability of successful transmission per traveled 
communication radius. The figure clearly shows that as the 
travelled distance decreases relative to vehicular speed, the 
communication efficiency is reduced as well. Thus, better 
efficiency is obtained when either the speed is slow within a 
narrow radius or when the speed is either slow or fast within a 
large communication radius. 

Combining decentralized and centralized vehicular 
communication can be considered an optimum solution to 
vehicular communication. This is particularly true since 
simulation showed that when the communication radius value 
is low, the efficiency of centralized communication drops 
dramatically with very high reduction in the probability of 
successful transmission. This is shown in Fig. 5. 

As Fig. 5 shows the efficiency of decentralized 
communication for small communication coverage areas is 10 
times higher in the case of decentralized (V2V) 
communication, which is due to the coverage area. Also, the 
overall probability of successful transmission drops for both 
centralized and decentralized communication as number of 
vehicles is reduced and also due to relative increase of 
vehicular speed as coverage area is reduced. It is worth 
mentioning that increase in vehicular speed contributes to the 
reduction of the overall available vehicles (CMs) per 
considered area, which leads to drop in communication 
efficiency. 

Initial expression that relates centralized to decentralized 
efficiency is given in equation (7) 

  (             )       (           )          (7) 

Where: 

: Optimizing parameter related to the relative vehicular 
speed to communication radius. 

 

Fig. 5. Transmission Efficiency at Low Radius Values. 

The plot in Fig. 5 supports the finding from Fig. 1 and 2, 
which show that centralized communication is more efficient at 
wider radius coverage compared to the decentralized one, 
which is affected by the dynamics of vehicular movement. 
Thus, the figure further proof that centralized communication 
has lower efficiency for low radius values. What Fig. 5 shows 
in addition to that is the usefulness of decentralized 
communication at low communication radius values, where 
centralized efficiency falls to near zero. This helps the 
centralized communication when combined with the 
decentralized one. 

From the simulated data and equation 2, a relationship can 
be shown between probability of successful transmission and 
the Gaussian weight function that relates radius to travelled 
distance and to speed as shown in equations (8). 
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Where: 

: Multiplication coefficient (1   2) 

ϕ: Power coefficient related to the relative vehicular speed 

to communication radius (2  ϕ  6). 

Using equation (3), equation (8) is represented as in 
equation (9). 
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From equations (7) and (9), expressions covering 
centralized and decentralized communication are obtained and 
shown in equations (10) and (11). 
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The expressions in equations (10) and (11) can be further 
simplified as shown in equations (12) and (13). 
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From equations (12) and (13) and assuming that    , 
equations (14) and (15) are obtained. 
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When     , equations (12) and (13) are reduced to 
equations (16) and (17). 

  (           )                (16) 

  (             )                 (17) 

The expressions in equations (14) to (17) proof that the 
centralized process alone is less efficient than the decentralized 
and a balanced solution would be to combine both techniques. 
The equations also show an interesting result, whereby the 
centralized approach and decentralized approach converge to 

the same expression but at opposite sides of . This is further 
proof that they can be employed as complementary techniques. 

Table I present example of weights generated used 
Gaussian interpolation function. The tabulated weights show 
that as δ increases, the reachability of the function increases per 
fixed speed, thus referring to equation (8), will result in 
increase in the communication efficiency. Also, as the 
communication radius increase, the reachability of the 
interpolation expands to cover such increase, thus a more 
uniform communication and data exchange occurs with 
dynamic response to communication radius increment. 

TABLE I.  EXAMPLE OF GAUSSIAN COMPUTED WEIGHTS USED FOR CH 

SELECTION 

Radius 
R1 R2 R3 R4 R5 

 
60 90 120 150 180 

Gaussian Interpolation 

CHw1 CHw2 CHw3 CHw4 CHw5  δ 

0.07 0.23 0.35 0.43 0.47 1 

0.26 0.48 0.59 0.65 0.69 2 

0.40 0.61 0.70 0.75 0.78 3 

0.51 0.69 0.77 0.81 0.83 4 

0.58 0.74 0.81 0.84 0.86 5 

V. CONCLUSION 

In this work, a simulation based investigation covering 
centralized and decentralized vehicular communication is 
carried out successfully. The simulated work analyzed the 
probability of successful transmission, which is indicative of 
communication network reliability and efficiency using 
Gaussian interpolation function as an adaptive weight function 
with integrated ratio component. 

The presented work focused on three main elements: 

1) Proving that combining centralized and decentralized 

clustering communication process is a viable answer to obtain 

balanced process. 

2) Employing Gaussian interpolation with weight ratio as 

a smooth transition function that is able to avoid abrupt 

communication quality changes, thus improving QoS. 

3) Establishing that a combination of vehicular velocity 

and communication distance as the fundamental parameters 

that have main effect on transmission efficiency with 

emphasis on the problem of vehicular velocity that has marked 

effect on efficiency, specifically at high speeds in relation to 

communication distance, which also affects cluster size. 

The weight function is used to enable more efficient 
clustering, particularly when selecting cluster heads (CHs). The 
obtained data at different communication distances proved that 
decentralized communication has more uniform connectivity, 
especially at low communication distances, while centralized 
communication has higher efficiency at larger distance as it 
does not suffer from some of the dynamics that decentralized 
communication faces. 

It is also shown that the spread δ used in the Gaussian 
interpolation affect probability of successful transmission. 
Mathematical models describing the relationship between the 
Gaussian interpolation function and transmission efficiency 
showed that this presented model and technique can be 

optimized through three parameter (δ, , ϕ). Vehicular speed is 
found to reduce attained efficiency due to the dynamic relation 
between radius values and vehicular speed, which affects 
signal stability. 

Further work is needed in terms of establishing a more 
optimized CH selection criteria using Gaussian interpolation 

with the variable  assigned other functions taking into account 
rural and urban areas. 
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