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Abstract

Intelligent transportation system (ITS) applications are dependent on secure
and robust wireless data sharing among vehicles and roadside units (RSUs).
Multiple types of data are shared among the ITS devices which include
safety information, road services, web based information retrieval and task
computation. Web 3.0 offers a decentralized, distributed and secure data
sharing mechanism for ITSs. Allocation of wireless channel resources are
critical to enable an efficient ITS system. In this paper, a novel data sharing
technique for Web 3.0 based ITS is presented that relies on an intelligent
clustering algorithm. In the first step, the proposed technique uses a K-means
algorithm to find groups of vehicles with similar speeds. In the second step,
each cluster is assigned an RSU which has the highest average data rate
with all vehicles in the cluster. This is achieved by using a stable matching
technique so that there is no contention and each cluster is assigned a separate
RSU. The algorithm periodically updates the clusters and RSU allocation for
web data sharing between vehicles and RSUs. Simulation results show that
the proposed clustering-based data sharing technique improves sum-rate by
20% and reduces network delay by 23%.
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1 Introduction

Intelligent transportation systems (ITSs) are the future technology that can
solve problems related to traffic management and further improve the comfort
of passengers while traveling [1,3,4,7,9,17]. It has several applications that
can enhance the utilization of road networks. In addition, it also has the ability
to realize innovative applications such as augmented reality and autonomous
driving [2,8,15,16].

ITSs are based on a vehicular network that enables vehicles to share their
data with the infrastructure nodes known as roadside units (RSUs). With a
robust network of communication in place, vehicles can access several useful
application related data from the RSU or offload application related tasks to
the RSU. This may include applications such as multi-player games over the
web, online web streaming on the vehicular network and augmented reality
over Web 3.0 [6, 14].

In addition to all the above applications, Web 3.0 based decentralized and
distributed Blockchain assisted data sharing can help achieve high security
and privacy in a vehicular network [5,19]. As ITS applications involve critical
decision making, it is vital to have a robust and secure network over which
data is shared. Thus, ITS and Web 3.0 can mutually benefit from each other.

In order to achieve ITS based Web 3.0 data sharing, efficient communica-
tion between nodes (vehicles and RSU) is needed. A timely data sharing with
reduced delay can help achieve quality of service (QoS) for the web based ITS
applications. Thus, efficient allocation of wireless resources, computing and
data storage capacities of RSUs and intelligent algorithms must be combined
to achieve a web enabled ITS.

In this paper, a new clustering technique is proposed to improve the
data rate of Web based ITS applications. Since mobility is a major issue in
vehicular networks, this parameter is considered for data sharing in this paper.
The proposed technique works in four major steps. The first step involves
grouping of vehicles based on the K-means algorithm. The rationale of this
step is to find cluster of vehicles with similar mobility so that they can share
data with an RSU and each other effectively. The second step utilizes a stable
matching technique to assign a single RSU to each cluster. This is done using
average data rate values of a cluster towards RSUs. In the third step, data
transmission along clusters is executed. The last step updates the clusters after
a certain time interval as the vehicle mobility and positions change regularly.
The proposed technique is implemented in a MATLAB simulator and shows
significant improvement in terms of sum rate and packet delay.
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Table 1 Literature review of different clustering techniques

Goal of the

Ref. Technique Key Idea Results

Popularity-based resource allocation
Reduced power
[20] | Reduce energy Clustering using fuzzy C-means
consumption Meeting delay deadline

Cluster head using traffic information
Multi-objective optimization

[3] Find the optimal Nature-based meta-heuristic algorithm | Reduced latency

number of clusters
Harris Hawks optimization technique

Crowd sensing information sharing

[13] | Timely data Adaptive clustering Reduced packet loss rate

transmission
V2V and V2I channel quality

Blockchain mining load in ITS
) Improved transmission rate
[10] | Load balancing Auction theory for resource allocation
Improved fairness
Fair mining task offloading

Vehicle division into adaptive clusters

[12] | Interference-aware Improved packet
transmission Time slot reuse after interference range | reception rate
scheduling

The organization of the paper is as follows. Section 2 describes techniques
in the literature. Section 3 presents the system model and Section 4 explains
the proposed technique in detail. Section 5 presents the evaluation and results
of the proposed technique and Section 6 provides conclusions.

2 Related Works

This section first presents a review of recent work in the area of cluster-based
vehicular communications. This is followed by a brief discussion of how the
proposed technique is different than the current work in the literature.

2.1 Literature Review

The work related to clustering in vehicular networks is summarized in
Table 1. In [20], the goal of the proposed clustering technique is to reduce
the energy consumption of vehicles. To achieve this, a popularity-based
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technique is proposed that allocates wireless resources efficiently. Network
functions that are commonly used are allocated more resources and vice
versa. The proposed algorithm selects the number of clusters based on the
fuzzy c-means algorithm. For cluster head selection, traffic information is
utilized. Results show that the proposed technique achieves reduced power
consumption while meeting the delay deadlines.

In [3], the goal of the technique is to find the optimal number of clusters
that result in efficient communications. For this, a multi-objective problem is
formulated and solved using a nature-based meta-heuristic algorithm called
the Harris Hawk optimization technique. By using the proposed optimization
algorithm, reduced latency is achieved for transmitting data packets. Also, a
fewer number of hops are required to transmit the message to the destination.

The work in [13] develops a transmission technique for timely data deliv-
ery. The scenario considered is related to crowdsensing information sharing.
An adaptive clustering technique is proposed in this regard that takes into
account vehicle to vehicle (V2V) and vehicle to infrastructure (V2I) channel
quality. Simulation results show a reduced packet loss ratio incurred by the
proposed technique.

In [10], a clustering-assisted load-balancing technique is proposed. The
scenario considered is Blockchain mining in vehicular networks. Vehicles are
divided into clusters with a mining node allocated to each cluster. An auction
theory-based resource allocation is proposed for mining the Blockchain trans-
actions. The proposed technique also achieves fair mining task offloading.
Results show that the proposed technique has a better transmission rate and
fairness performance in different vehicle density scenarios.

The work in [12] develops an interference-aware transmission scheduling
for vehicular networks. Vehicles are divided into clusters and their size is
adaptively varied based on an analytical model of interference and packet
reception. The proposed algorithm reuses time slots after a distance equal
to the interference range. Simulation results show that the proposed scheme
results in an improved packet reception rate.

In addition, other clustering techniques focus on packet reception rate
improvement, security, and energy efficiency.

2.2 Novelty of the Proposed Technique

As compared to previous clustering techniques, the proposed technique aims
to cluster vehicles based on their mobility so that these vehicles can cooperate
with each other. Furthermore, when the RSU broadcasts web data to the
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cluster, all vehicles can receive it with a good data rate. Moreover, the clusters
are updated regularly so that web based data sharing can be improved.

3 System Model

The system model under consideration is an ITS scenario where vehicles
are equipped with wireless networking capabilities and moving along a bi-
directional highway, as shown in Figure 1. Each vehicle has web data or web
application related task to be shared with RSUs on the uplink. Similarly, the
RSUs respond with computed task results or web service-related data on the
downlink to the vehicles. The communication takes place over a Cellular V2X
(C-V2X) link and resource blocks are allocated to the vehicles and RSUs for
data transmission.

As shown in Figure 1, a cluster-based vehicular communication scenario
is considered in this paper where several vehicles and an RSU are part of a
single cluster. Vehicles and RSUs both use transmission power P to transmit
the messages in the uplink and downlink respectively. The power received at
the destination P; can be given from the following equation:

PxG
a
Here G is the channel gain which varies based on multi-path fading

distribution [11], d is the distance between transmitter and receiver, and
v is the exponent of path loss. Based on received power and noise, the
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Figure 1 System model.
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Figure 2 Different phases of the proposed technique.

signal-to-noise ratio is evaluated, which can be further used to find the link
data rate.

4 Proposed Technique

The proposed technique for data sharing is divided into four different steps,
as shown in Figure 2.

Algorithm 1: Algorithm for vehicle classification into clusters.

1 Select number of clusters equal to number of RSUs R

2 Select R centroid for clustering based on vehicle speeds

3 while Convergence is achieved do

4 Each vehicle is assigned to the cluster whose speed difference with the cluster
centroid is smallest

5 Update the cluster centroid as the new mean of the cluster

6 end

4.1 Step 1: Vehicle Clustering

The first step involves clustering of the vehicles and grouping them based on
their mobility. As shown in Algorithm 1, the algorithm for vehicle classifi-
cation is based on a K-means algorithm. The number of clusters in the road
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network are equal to the RSU R within a given coverage area. Initially, the
cluster centroids are taken as different vehicle speeds. This is calculated by
dividing minimum and maximum speeds and dividing them into R different
groups (the mean value of the group is taken as the initial centroid value).

Vehicles are then placed in the clusters by minimizing the difference
between their own speed and cluster centroids. Furthermore, the cluster
centroids are updated as the mean of the cluster once vehicles are placed in
these clusters. Hence, cluster centroids are changed every time. The algorithm
continues unless convergence is achieve.

The advantage of the proposed technique is that vehicles are grouped
based on mobility and can effectively communicate with the RSUs. Mobility
has a major impact on the communication in terms of quality of channel and
transmission time taken to transmit and receive the messages. Therefore, with
this grouping, vehicles with similar mobility patterns and closer to each other
are grouped together.

Algorithm 2: Algorithm for cluster allocation to RSUs.

1 For each cluster, find the average data rate of all vehicles within the cluster to each
RSU

2 Develop preference of each cluster for every RSU based on the average data rate of
that cluster

3 Apply stable matching technique to match each cluster with the RSU

4 Assign the RSU for communication with all vehicles within its allocated cluster

4.2 Step 2: RSU Allocation to Clusters

Once the clusters have been formed, the RSU allocation process is started,
as shown in Algorithm 2. Each RSU is allocated to a single cluster and
manages communication with it. To allocate the RSUs, a preference list for
each cluster is first evaluated. This is done on the basis of average data rate of
the cluster towards the RSUs. The average data rate in the cluster is evaluated
by finding the data rate of all vehicles in the cluster towards a RSU and taking
the average.

After the preference list is evaluated, the stable matching algorithm is
applied to match each cluster with the RSU. Finally, the RSUs are attached
to their allocated cluster and communication for web applications is carried
out.
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4.3 Step 3: Cluster-based Communication

Vehicles in each cluster send and receive their web based tasks and web data
to and from their allocated RSU. To transmit the messages, resource blocks
(RBs) are allocated by the base station as in C-V2X communications.

4.4 Step 4: Cluster Update

Vehicles update their cluster after every 1" seconds. Within this time, vehicles
remain within the same cluster. During the update process, the previous steps
of clustering and RSU allocation are repeated. This update process takes into
account change in vehicle speeds so that efficient communication can take
place considering the impact of vehicle mobility.

5 Performance Evaluation

In this section, the simulation model, evaluation of the proposed technique,
and results are discussed.

5.1 Simulation Details

A vehicular simulation scenario is developed in MATLAB simulator. The
road topology considered is of a bi-directional highway with three lanes
per direction. A realistic traffic scenario is generated using a well-known
traffic simulator known as Simulation of Urban MObility (SUMO). Vehicle
density is varied from 60-240 vehicles/km covering a range of low, medium,
and dense scenarios. Vehicle speeds are varied from 60-120 km/hr. Four
types of web packet services are generated, two for uplink and two for
the downlink. For the uplink, safety messages and task offloading services
are used. Similarly, for the downlink, traffic information, and web service
response messages are used. The communication range is taken as 300 m and
fading intensity (Nakagami-m value) is varied from 1 to 5. The packet-related
details of each message are listed in Table 2.

For performance comparison with other techniques, two recent schemes
explained in the literature review section are used. The first is auction theory-
based clustering [10] and the other is interference-aware clustering [12].

5.2 Discussion of Results

Figure 3 plots the results of the sum rate achieved by the three techniques at
different vehicle density values. The fading intensity for this experiment is
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Figure 3 Sum rate vs. vehicle density.

taken as 3 which refers to a medium level of fading in the network. Results
show that the proposed clustering technique performs better than both other
techniques at all vehicle densities. The reason for improved performance by
the proposed technique is the consideration of vehicle mobility and data rate
mapping while allocating RSUs to the vehicles.

It can be seen that the proposed technique provides up to 20% at differ-
ent vehicle density values. In comparison, the interference-aware clustering
technique performs better than the auction theory-based clustering technique
due to only reusing time slots after an interference range. This results in an
improved sum rate as compared to the auction scheme. It should be noted that
the sum rate initially increases with vehicle density; however, in the dense
network scenario, the sum rate drops slightly due to increased interference
and collision between packets. This results in a higher packet loss rate and
the sum-rate is reduced.

The results in Figure 4 show that the proposed technique achieves a higher
sum rate at different fading intensity values. At the lowest fading intensity,
when the channel quality is poor, the proposed technique improves the sum
rate by 4 bps/Hz as compared to other techniques. The reason for achieving
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Table 2 Parameters used in simulations.

Parameter

Value

Vehicle scenario

Highway

Number of lanes

6

Vehicle density 60-240 vehicles/km
Vehicle spacing 25-100m

Vehicle speeds 60—-120 km/hr
Number of downlink messages 2

Number of uplink messages 2

Safety message packet size 100 bytes

Safety message packet generation rate

10 per second

Task offloading packet size

500 bytes

Task offloading packet generation rate

1 per 3 seconds

Traffic information packet size

300 bytes

Traffic information packet generation rate

5 per second

Service response packet size

500 bytes

Service response packet generation rate

1 per second

Update time window T’ 10s
Communication range R 300 m
Fading intensity (m) 1,3,5
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better performance at different wireless channel quality levels is due to the
consideration of data rates and mobility in the proposed technique. As the
quality of the channel is improved at higher fading intensities, the sum rate
for all three techniques is increased.

The results in Figure 5 show the packet reception ratio of three techniques
at different vehicle densities. It can be seen that the proposed technique
maintains above 95% packet reception ratio at different network density
scenarios. On the other hand, auction theory-based and interference-aware
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clustering techniques are more prone to packet collisions and result in a
reduced packet reception ratio. As the packet reception ratio is a key metric
particularly in autonomous driving applications, a slight reduction in this
metric can cause application reliability to massively suffer.

The packet reception ratio at different fading intensities is plotted in
Figure 4. Results highlight the performance gain achieved by the proposed
technique at different channel quality levels. A key feature of the proposed
technique is that it maintains more than 95% packet reception ratio at the
fading intensity of 1. In comparison, the auction theory-based clustering and
interference-aware clustering result in packet reception ratios of 0.86 and 0.89
respectively.

The packet delay of the three techniques is plotted in Figure 7. The results
show that the proposed technique faces the lowest delay for both uplink
and downlink messages. As the vehicle density increases, the packet delay
increases due to more time the packets need to wait to access the channel. Ata
vehicle density of 240 vehicles/km, the packet delay for proposed clustering,
the auction theory-based clustering, and the interference-aware clustering are
4.8 ms, 6.24 ms, and 5.76 ms respectively.

The results in Figure 8 plot packet delay against different fading intensity
values. It can be seen that as the fading intensity is increased, the packet

G T T T

I Froposed technique
I ~.uction theory-based
[ inteference-aware

Packet Delay (ms)
(%]

1 3 5
Fading Intensity

Figure 8 Packet delay vs. fading intensity.
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delay is slightly reduced. This is because the channel quality is improved
resulting in improved data rates. Moreover, packets lost due to fading are
also reduced, thus requiring a smaller number of re-transmissions. The packet
delay reduction by the proposed technique is due to efficient clustering that
considers mobility and data rates for allocating RSUs to vehicles.

6 Conclusion

Efficient web based data sharing in vehicular networks is an important
requirement for future ITS applications. Reliable communication between
vehicles and RSU is required for many web 3.0 enabled ITS applications
so that data sharing can be quick and secure. This paper proposes a clustering
algorithm to achieve high data rates for vehicle-RSU transmissions. The
proposed technique uses K-means clustering technique to group vehicles
based on their mobility. Furthermore, RSUs are allocated to each cluster
based on data rates and stable matching algorithm. Simulation results verify
that by using the proposed clustering mechanism, a higher sum rate and
reduced packet delay are achieved when compared with other state-of-the-art
clustering techniques.
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