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Abstract—IloV is a known platform for exchanging data between vehicles
and distinct networks through diverse communication media. Embedded tech-
nologies like 10T and Intelligent Transportation, are aimed to build smart net-
works for loV to support diverse automated applications such as smart vehicle
control, intelligent traffic control, and dynamic data services. However, in the
smart domain, the implementation of loV has unresolved challenges. The syn-
chronization of vehicles and humans is a crucial issue in making decisions.
Therefore, a proper understanding of the pertinent issues about loV implemen-
tation that can improve the VVNs performance is essential. DSRC and cellular
networks are considered as potential alternatives for endorsing V2X communi-
cations. DSRC is employed for intelligent and automotive transportation appli-
cations through short-range data exchange between DSRC-components. Alt-
hough spectrum assigned to DSRC alone will not be appropriate to satisfy huge
information traffic needs for internet access in vehicles. Cellular networks offer
potential solutions, attributing an extensive range of cell coverage, broadly de-
ployed infrastructure, and greater capacity. Nevertheless, the centralized charac-
teristics of these networks limit the ability to handle low-latency communica-
tions that can challenge the efficacy of several safety applications. This paper
reviews potential DSRC and wireless integrated solutions for efficient vehicular
communications. In methodology, first, we reviewed existing technologies that
integrate DSRC with other wireless technologies, and secondly, the study is car-
ried out to highlight the limitations for each supporting vehicular communica-
tions. Thereby, the paper embeds a brief comparative analysis. Finally, an algo-
rithm is proposed to integrate DSRC and 4G-LTE with a novel Optimal Cluster-
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ing-based Data Forwarding Protocol for efficient data transmission to attain bet-
ter performance in loV. The performance of the proposed algorithm is com-
pared with the existing approaches using the NS-3 simulation tool. The obtained
results demonstrate that the proposed algorithm outperforms the existing ap-
proaches in terms of End-to-End Delay and throughput.

Keywords—Internet of Vehicles (1oV); 4G/LTE; DSRC; IoT; Vehicular Net-
works

1 Introduction

The Internet of Vehicles is a network of vehicles used that are used to exchange in-
formation via various radio access technologies. Information exchange can happen
between vehicle to vehicle, vehicles to road side unit, vehicle to pedestrian, vehicle to
infrastructure, vehicle to everything (X). loV is considered as a full stack of
VANET’s. One of the major concerns associated with the Intelligent Transportation
System (ITS) is the increasing traffic congestions, especially in urban scenarios which
seriously impacts safety, energy consumption, air pollution, noise disturbance, and
travelling time [8], [10], [14]. Hence, it is necessary to optimize, control, and monitor
vehicular flows to benefit the users around the globe. Continuous advancements in the
transportation industry has led to the development of connected vehicles which forms
the key enablers to the ITS. Hence, the concept of VANET’s has transformed into a
smart concept of loV. loV has been developed to enable various applications in addi-
tion to the current vehicle sensing abilities for road safety and vehicle traffic control.
Some of the applications include collision warning, collision avoidance, and vehicle
diagnostics. The V2X communications had enhanced the collaboration among pedes-
trians, infrastructures, and vehicles thereby promising to reduce 85% of road acci-
dents thereby fostering automobile sectors for intelligent and safer transportation
systems. In loV, vehicles gather data from the surroundings facilitating other vehicles
for pollution control, traffic control, and safe navigation. However, communication
can be upgraded by advanced wireless communication technologies compatible with
conventional and forthcoming applications of VANET. Among the available wireless
communication technologies, DSRC, and cellular networks are considered as the
potential technologies because of their enormous benefits. DSRC offers low latency
suitable for safety applications but has link degradation problems due to obstacles and
also from channel collisions because of high vehicle density. In contrast, LTE net-
works has wide coverage range and supports bandwidth applications requiring higher
data rates and reliability. However, it has high delays which leads to high transmis-
sion time intervals and may not be suitable for safety applications. To support wide
range of road transport applications and to ensure safety road environments, integrat-
ing DSRC and LTE is necessary to enhance the V2X services for future ITS. In our
work, we have proposed integrated solution using two algorithms for data dissemina-
tion and congestion control. Moreover, to evaluate the performance, three use cases
have been considered — safety, bandwidth and VolIP services. In [1], [7], [12]a hetero-
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geneous solution is proposed for loV using different use cases, however, failed to
evaluate the packet delivery ratio and latency. In [2] [3], Authors have proposed hy-
brid architectures where DSRC and cellular networks are used for vehicular commu-
nications. Hybrid approach is proposed in [4] focusing on video streaming applica-
tions based on the RAT selection. However, the performance is evaluated considering
only two vehicles with no competition on bandwidth. Hence, it is required to investi-
gate more real time scenarios considering vehicles transmission under high vehicle
densities. Aforementioned approaches usually selects the radio access technologies by
switching assuming LTE has unlimited resources. In the coming future, V2X applica-
tions may face variety of service requirements. Safety messages must be transmitted
frequently with low latencies unlike bandwidth greedy services. However, bandwidth
greedy services may not be active all the time unless triggered by certain events.
Hence, Single technology would support for different service requirements. Hence, it
is essential to make the RAT policy service oriented. The research work proposes
cluster enabled data forwarding protocol for efficient data dissemination with radio
interface selection algorithm enabling heterogeneous solution which selects radio
technology according to the service requirements with the consideration of network
performance.
The main contribution of this research work are

1. Proposing an optimized cluster-based data forwarding protocol for efficient data
dissemination.

2. Intelligently monitoring and assessing packet loss ratio levels using radio inter-
face selection algorithm

3. Superiority of the proposed algorithm will be evaluated and compared with exist-
ing approaches using NS-3

The proposed work is implemented using C-1TS standards and validated using NS-
3 simulation tool. Three use cases were considered - safety services, bandwidth ser-
vices, and voice services under urban environment considering packet delivery ratio
(PDR), delay, throughput, and latency as the major performance metrics. The findings
of my research work shows the superiority of the proposed approach and outperforms
the existing approaches and, also the transmission of safety messages are supported
with low latency.

The remaining part of this paper is organized as follows:

Section 2 discusses about the existing works, and then a brief comparison is articu-
lated. Section 3 addresses the research question and Section 4 discusses the proposed
approach. Section 5 discusses about the results and followed by discussions in section
6. Section 7 concludes the paper and highlights the future work. Finally, references
are given in Section 8.
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2

Literature Review

A comprehensive review of the existing works is thoroughly studied and detailed
conclusions were drawn. Table 1 shows the summary of the existing works highlight-
ing the findings and remarks.

Table 1. Summary of Existing Works

Paper

Findings

Remarks

1[3]

WiIMAX-DSRC is integrated. The clustering technique
is applied to enhance the throughput. The performance
metric used for evaluation is throughput.

The need for improving the cluster head
selection technique for attaining better
results in further work was highlighted.

2[4]

4G-LTE and DSRC are integrated. Three applications
are considered: collision avoidance, message broadcast,
and multimedia file download. From the results, It is
observed that 4G/LTE is preferred for non-safety
applications whereas DSRC is preferred for safety
applications. Under collision avoidance scenario,
DSRC outperforms 4G/LTE. For non-safety message
broadcast, both are acceptable. For multimedia file
download, LTE outperforms DSRC.

The experiments are conducted with few
vehicles. The experiments were done indi-
vidually for DSRC and 4G/LTE. It is rec-
ommended to integrate DSRC and 4G LTE
for connected vehicles to achieve better
performance.

3[5]

/A novel low cost sensor based system is developed for
road safety applications in Intelligent Transportation
System (ITS). An embedded wireless sensor network
based embedded system is developed. In this work,
three scenarios were considered — speed bump detec-
tion, detecting sharp turns and detection of rain and
fog.

Only two vehicles were considered for the

V2V platform. The reduction in packet size
would improve transmission speed, packet

losses, and network congestion. Appropri-

ate compression algorithms could substan-

tially reduce packet size.

416]

ZigBee, Wi-Fi, and DSRC communication technolo-
gies performance was investigated for deployment in
the loV system. It is found that all three technologies
offer successful data exchange with a failure rate of 1%
for low-frequency communications. Whereas, At
higher frequencies, Wi-Fi and DSRC offer this perfor-
mance. It is observed from the simulation results, Data
exchange rate of Wi-Fi is good as it has the highest
data rates and channel bandwidth as compare to DSRC
and ZigBee. ZigBee does not support packet size of
greater than 300 Bytes as the transmission delay will
exceed 100ms. Hence, QoS requirements are not met
due to packet loss of more than 1%.

The frequency of messages and maximum
packet size depends on the mechanism of
application. In ITS, It is very important to
adapt effective loV solutions for road safety
and traffic management as they are depend-
ent on the reliability and performance of the
V2V and V21 communication channels.
Hence, Selecting appropriate wireless
communication technology is critical for
implementing a feasible loV system de-
signed for road safety and traffic manage-
ment applications.

5[13]

Link aware High Data Transmission (LHT) approach
has been proposed for high data transmission applica-
tions. Signal strength and bandwidth are considered as
the evaluation metrics for the selection of next nodes
and data about vehicle nodes. The proposed approach
is performed with existing approaches and accordingly,
simulations are performed. From the results, It is
shown that the proposed approach has outperformed
the existing approaches. The LHT is proposed for
\video transmission and high data rate applications.

The approach is suggested for high data
transmission applications such as video
transmission applications and not for safe-
ty-related applications where QoS plays a
vital role. Only a few performance metrics
were evaluated and hence there is a need to
test with more performance metrics. The no
of vehicle nodes considered is very less.
Though the application belongs to high data
rates and the impact of considering more
vehicles in congested areas for high data
transmission applications is not discussed.
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6 [9]

Heterogeneous loV architecture for V21 is proposed
where multiple interfaces were incorporated such as
\Wireless Access in Vehicular Environments (WAVE),
\Wi-Fi, and 4G/LTE. Best Interface Algorithm (BIA) is
proposed to select the best wireless interface for relia-
ble communication to support seamless connectivity
required for efficient data forwarding in V21 communi-
cation.

'Two performance metrics were evaluated:
Throughput and Latency by varying simula-
tion time and mobility speed. It is observed
that heterogeneous architecture outper-
formed individual wireless interfaces and
also conventional WAVE architectures. The
major concern in this paper is the perfor-
mance of the algorithm is evaluated for 30
vehicles. Hence, the impact of traffic con-
gestion on such heterogeneous architectures
is still challenging. This could urge the need
of developing more efficient, reliable, and
smart algorithms that can minimize access
control issues.

7[11]

Multitier heterogeneous adaptive vehicular (MHAV)
networks are proposed. In this paper, network scaling
and load balancing between DSRC and LTE are inves-
tigated. From the results obtained, It is shown that end
to end communication delay to be less than 50ms is
above 90% for a density of 250 vehicles/k

There is still a challenge that persists in
investigating highway scenarios with
MHAV.

8 [13]

Vehicular Floating Car Data Collection (FCD) is
proposed for collecting massive amounts of data. LTE
and DSRC were integrated called a hybrid approach
offering superior performance. In this cellular radio,
access will be offloaded. A lightweight signaling
procedure is developed based on DSRC VANET to
avoid duplicate data records and hence reducing
VVANET load. Hence, avoids interfering with other
\VANET-specific messages.

One major limitation of this paper is due to
offloading LTE access network, there is an
increase in data transferring delay. The
challenge is how to cope with this increase
in data transferring delay under high vehicle
density scenarios? Considering the same
hybrid approach.

9 [15]

The paper has proposed hybrid architecture called the
\ehicular Multihop algorithm for Stable Clustering
(VMaSC-LTE) integrating DSRC based multihop
clustering and the Long-Term Evolution (LTE) to
attain a high data packet delivery ratio (PDR) and low
delay while keeping the cellular architecture usage at a
minimum level. Cluster Head (CH) selection is based
on the average relative speed concerning the neighbor-
ing vehicles. The performance metrics considered in
this paper are Data Packet Delivery Ratio, delay,
control overhead, and clustering stability. In this paper,
IEEE 802.11p-LTE hybrid architecture is proposed
where vehicles form multihop clustered topology in
each direction of the road. The average relative speed is
considered a clustering metric. The paper does not
investigate the use of the proposed algorithm in urban
scenarios.

The proposed algorithm is not investigated
for urban traffic scenarios where the major
challenge would be traffic congestions.

Performance metrics for evaluation are
throughput, transmission delay, dissemina-
tion delay, Packet Delivery Ratio. Perfor-
mance of integrated DSRC and 4G/LTE
will be compared with DSRC alone and
4AG/LTE alone. The experiments would
probably be carried out under sparse and
high-density networks to evaluate the

performance of the proposed algorithm.
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3 Research Question

1. How does the performance of vehicular networks will affect when no of vehicles
in certain area increases?

2. Will the DSRC networks alone be able to fulfill the latency requirements under
high vehicle density scenarios for safety applications?

3. Does the performance of DSRC remain the same when no of vehicles increases
within its coverage area?

4 Proposed Approach

The major issues concerning DSRC are low latency, and link degradation. Some of
the limitations in VANET architecture with respect to data forwarding applications
are connectivity, switching, and availability of bandwidth. To address these issues,
heterogeneous 1oV architectures are proposed in the existing works to achieve better
results and to mitigate the challenges pertaining to network unavailability, increased
user demands, network connections, and higher bandwidth. However, due to lower
data rates, low latency has made such networks ineffective and failed to attain the
outcomes. Hence, the performance of real-time traffic environments is reduced enor-
mously. Also, most of the previous works have used only single technology which has
degraded the overall network performance, for instance, DSRC alone. Thus, it is nec-
essary to integrate multiple technologies to enhance vehicular network performance
and achieving better results. In this work, we have integrated DSRC and 4G LTE to
handle intelligent transportation systems and enhancing the communication infrastruc-
tures. We have proposed optimal cluster-based data forwarding protocol for efficient
message dissemination in vehicle to infrastructure in heterogeneous loV. In our work,
first we introduce an improved beetle swarm optimization algorithm for the selection
of optimal cluster heads and clustering that improves the quality of data transfer in
terms of energy efficiency, data loss, and delay. The cluster member forwards the
data to the cluster head and then forwards to the corresponding radio access unit.
Then, we proposed radio interface selection algorithm to illustrate congestion control
technique at service layer. Finally, three types of use-cases are considered- Safety
services, Bandwidth greedy services, and VolIP services.

1. Network Layer — Optimal cluster-based data forwarding protocol for efficient da-
ta transferring

2. Service Layer - Congestion control through Efficient Radio Interface Selection
algorithm

3. Application Layer — Safety, bandwidth services, and VolP services
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Fig. 1. Network model of proposed OCDF protocol

Algorithm I: Optimized Cluster Based Data Forwarding (OCDF) protocol for effi-
cient data transfer

Energy aware clusters are created using an improved beetle swarm optimization al-
gorithm for optimal selection of cluster heads. The main purpose is to resolve the
issues related to the packet delivery rate, end-to-end delay as well as latency. The
algorithm is explained in four different steps:

1. Initialization Phase
2. Fitness calculation
3. Updating solution

4. Termination Phase

Besides these, there are two important phases which are explained as follows:

Neighbor discovery phase: Each nodes sends a welcome packet that contains its
identification and the vehicular nodes updates the neighboring table with the identity
quality signal value in the welcome packets received from the other vehicles.

Flooding phase: In this phase, every node has its identification, energy, just as
neighboring broadcasting. As the data received, cluster heads are selected based on
their residual energy, where the node with the energy over the average network poten-
tial will be selected as cluster head, and hence selecting the ideal k CHs. The average
power of all VNs is given as:

_ Y¥EN;

ENy ==~ 1
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Anywhere, ‘X’ is the number of active VNs, 'EN; residual energy for 'VN;’, after
that control station use IBSO algorithm to discover optimal k CHs. The subsequent
processing steps are utilized to develop an optimal solution.

1. Initialization: Optimal CHs are selected using the improved beetle swarm opti-
mization algorithm. Optimal CHs are selected as follows. The CHs are represent-
ed as CH; = {CH,,CH,,CH;,CH,, CHs}. Each node represents the solution or op-
timal multipath routes in the network. Here, the VNS are represented as,

Zi=(Z} e Z8 " 2)

Solution creation means that initiation is an important step in the optimization pro-
cess, which enables you to quickly recognize the optimal solution. The obtained solu-
tion is given for the following stage i.e., fitness evaluation.

2. Fitness calculation: Once the solution is generated, the fitness function is evalu-
ated and then chooses the best solution. Selection of the fitness is a fundamental
aspect in IBSO.

Where,

Fitness; = min {Distance, Energy 3

Signifies the fitness value. Here, the fitness value is calculated utilizing the param-
eters average distance as well as residual energy. A representative through minimum
fitness value has heavier mass and has better position, i.e., the better is the cluster
head selection. The obtained results are given for the next step i.e. updating solution.

3. BSO based updating solution: In this part, each beetle determines a potential so-
lution to the optimization problem. Similar to the particle swarm algorithm, the
beetles also share the information, but the distance as well as direction of the bee-
tles are determined by their speed and the intensity of the information to be de-
tected by their long antennae. In mathematical form, we took the idea of particle
swarm algorithm. There is a population of n beetles represented as P =
(P,, P,, .... B)) in an S-dimensional search space, where i beetle represents an S-
dimensional vectorP; = (P;;, Py, .... P;5)", represents the position of the i beetle
in Q; = (Q;1, @iz, ----- Qi5)"the S-dimensional search space and also represents a
potential solution to the problem. According to the target function, the fitness
value of each beetle position can be calculated. The speed of the i""beetle is ex-
pressed as. The individual extremity of the beetle is represented as U; =
(Ui, Usy, ... Uig)Tand the group extreme value of the population is represented

asUy = (Ugq, Ugz, «.. ... Ugs)"™. The mathematical model for simulating its behav-
ior is as follows;
P = P+ A5l + (1 — )85 (4)
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Where
K — specify the current number of iterations,
Q;s— expressed as the speed of beetles,
&;s — represents the increase in beetle position movement. Here, the speed
formula is mathematically represented as follows;

K = wQk + Oy (UE — PE) + coro (UK-P; (5)

Where,
C;, C,— two optimistic constants,
1y, T, — represents the arbitrary functions inside the range [0, 1],
w— represents the inertia weight.
This paper adopts the strategy of decreasing inertia weight, and which is mathemat-
ically represented as follows;

Wmax~Pmin xk

YTk 6)

Where,
Wmin» Wmax— denotes the minimum as well as maximum value ofw,
k, K — denotes the present number of iterations as well as the maximum number
of iterations,

4. Termination phase: The algorithm terminates if an ideal determination of CH is
accomplished as well as the arrangement which is holding the best value is picked
and it is resolved as the best solution. Weight of the cluster heads are determined
based on the following condition,

— Eres(CHi)
w(VN;, CH;) = ad(VNj,CHi)xd(CHi,BS) ™

Where, E,.;(CH;) represents the residual energy of CH. VNs link to the CH

through advanced residual energy.
) represents mutual of distance among VN in addition to CH. The VN

joins to the adjacent CH in its communication range.

- defines the reciprocal of distance among CH as well as base station. The

d(CH;,BS)
VN is link to the CH, which is closer to the base station BS.

‘a’ represents a stable value.

During this formation of clusters, every VN calculates this weight esteem utilizing
the above condition. At that point the VN joins to the CH with the most noteworthy
weight value.

Algorithm 11: Congestion Control through Efficient Radio Interface Selection al-
gorithm at Service layer.

In our proposed work, it is assumed that the vehicles are interfaced with two radio
access technologies DSRC, and LTE for transmitting and receiving information. The
network selection is based on the network performance, and QoS requirements. Three
application scenarios were considered- safety, non-safety, and bandwidth greedy ap-
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plications. The dedicated interfaces guarantees to provide low latency safety service
and high bandwidth services. Hence, to achieve this, appropriate selection of network
interfaces are necessary. DSRC signals are used for the transmission of safety mes-
sages, and LTE is used for high bandwidth services. The network performance is
assessed by continuously monitoring Packet Delivery Ratio (PDR) levels. The reason
of considering PDR for assessing the network performance is due to the link degrada-
tion problem, and channel collusion in DSRC resulting in reduced PDR at higher
loads. Hence, to address this, PDR threshold values are set for DSRC-LTE that is
PDRThDSRC and PDRThLTE. In case of other service messages, PDR levels will be
checked by the proposed protocol. Assuming that LTE service is charged, primarily
DSRC will be chosen for Other Service. It will be switched to LTE only if
<<PDRLTE <PDRThLTE>> and <<PDRDSRC> PDRThDSRC >> indicating over-
loaded DSRC but not LTE.

Fig. 2. Integration of DSRC and LTE for V2V communication

5 Simulation Results

The performance of the proposed research work is simulated using NS-3 software
simulation tool. Throughput and delay are considered as the performance metrics to
evaluate the superiority of the proposed algorithm. It is assumed in our work that the
vehicles are equipped with two terminals 4G LTE and DSRC. Both the terminals have
the ability to transmit and receive the information. The proposed algorithm is com-
pared with the existing 4G LTE, WAVE, LR-Wifi, and heterogeneous solution. In our
work, we have assumed three application scenarios- voice, video and safety messages
with a packet size of 500B and video size of up to 1KB and a vehicle density of 600
nodes. Figure 3 and 4 shows the delay and throughput performance of existing and
proposed approach.
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Fig. 4. Vehicle nodes vs Delay [9]

6 Discussions

In our work, we have considered 4G LTE, LR Wi-Fi, WAVE, HETRO techniques
to compare with our proposed algorithm to evaluate the performance of throughput
and delay in loV environment. Figure 3 shows the throughput performance that has
been increased nearly 50% higher than the 4G LTE, 40% than WAVE, 30% than LR
Wi-Fi, 25% higher than HETRO which shows superior than the existing algorithms.
The higher throughput is achieved due to less packet drops with the proposed tech-
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niques. However, results showed that there is a slight decline as the vehicle density
and speed increases. This degradation is seen due to couple of reasons such as unnec-
essary handovers, handover delays, and inappropriate selection of target networks at
higher speeds. In contrast, figure 4 shows the delay performance and its comparison
with the existing approaches. Larger the delay will affect the QoS performance of
delay-sensitive applications. Lesser delays can be achieved by selecting the networks
well before approaching the access points which is the main goal of our proposed
work.

7 Conclusion

This paper has presented a brief review of the existing heterogeneous architectures
to integrate multiple radio access technologies in loV. Further, techniques associated
with integrated multiple RAT is deeply studied and a detailed comparison is done
highlighting the gaps and inconsistencies. In our work, we have computed throughput
and delay to demonstrate the performance of proposed algorithm. Moreover, a de-
tailed comparison is done with the existing algorithms using NS-3 simulation tool.
The paper has conducted simulations assuming urban road scenarios as the existing
works had shown lack of investigations under urban scenarios. It is critically im-
portant to evaluate the performance under high vehicle density scenarios especially
when it comes to safety-critical applications where the delay and throughput parame-
ters are really challenging. Developing algorithms to enhance the performance of
vehicular applications is still a major requirement without sacrificing the QoS re-
quirements. In our work, we have shown superiority of our algorithm in terms of
throughput and delay in comparison to the state-of-the-art. Our future work is mainly
focused on reducing the handover delays when selecting the radio access technology
as increased delays may lead to packet losses.
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