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Abstract
Infotainment system is meant for offering integrated services of information and entertainment to the
driver to offer a better driving experience. However, the infotainment system's present state is more
towards entertainment and less towards accessing real-time information propagation for avoiding the
occurrences of road fatalities. In this regard, the streaming of multimedia signals would increase
communication to enhance driving experiences. The infotainment system is one integral part of vehicular
communication for road safety; however, it has received less attention. Existing approaches towards data
transmission among vehicles are studied concerning three standard architectures. A hybrid approach is
far better than the infrastructure-based and ad-hoc-based approaches. Still, there are open-end loopholes
towards hybrid architectures where reliability in the data dissemination process in the presence of
dynamic topology of vehicular nodes is not considered. Therefore, the proposed study introduces a novel
analytical model where the vehicles' streaming services can be offered by improvising the existing hybrid
architecture. With a unique inclusion of link-quality-based attributes towards making a precise decision of
the vehicles' mobility, the proposed system formulates error-free links among the communicating
vehicles. The simulated study outcome shows that the proposed system offers better streaming
performance than existing hybrid schemes.

1 Introduction
There is a signi�cant revolution towards road safety systems and their associated services [1]. The idea
is basically to control the accidents while driving or supporting the upcoming application to be required
by the drivers for betterment in their driving experience [2]. In this regard, the Vehicular Adhoc Network
(VANET) is the prime topic under attention, which lets communication among different vehicles [3]. The
complete mechanism of communication in VANET is carried out by complying with three different
architectures, i.e., i) �xed access point-based architecture, ii) Adhoc-based architecture, and iii) hybrid-
based architecture [4]. Various works have been carried out to improve the communication system in
VANET using different approaches [5]-[10], and the infotainment system is an integral part of the VANET
system with less attention. Our prior work [11][12] discusses in this regard, and this paper has presented a
speci�c solution to address a problem associated with communication in dynamic topology. The
infotainment system's evolution is meant for enhancing the propagation of information towards
contributing road safety systems.

The existing system has been researched mainly towards disseminating information, a textual format
connected with signal propagation. However, this is quite impractical concerning the actual demands of
the accessibility of the information. Research work carried out towards multimedia data propagation in
vehicular nodes, which cater to real-time communication in case of emergency [13]-[15]. Streaming
multimedia �les offer a much faster way of communication as well as they are comprehensive too.
However, this is not so easy when it comes to implementing it in the real world. There are multiple
challenges associated in this regards viz. i) streaming the live feeds of video requires an established
connection between two vehicular nodes, which are quite hard to achieve owing to their uncertain
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mobility patterns, ii) streaming data via �xed access point will require higher dependency of resources as
well as it will be time-consuming as all the data will be streamed via �xed access points iii) streaming
through the ad-hoc mode of architecture will demand an effective routing scheme which can control
intermittent connection of vehicular node and this is not present till date, and iv) streaming using hybrid
architecture will demand a design of quite e�cient and faster decision-making technique which may not
give better signal quality and possibly degrade the quality of experience of the user. At present, the
infotainment system does not have such possibilities. It is assumed that it will not be challenging to build
a �rmware with the computational model with the proliferation of a cost-effective embedded system. The
infotainment system is only required to con�gure with the transceiver system within the vehicle called the
Onboard Unit of OBU, which is already there under the domain of VANET.

Therefore, the manuscript discusses a novel idea that considers a vehicle's practical mobility scenario to
offer streaming services. The proposed study implements a simpli�ed analytical model that facilitates
the streaming of massive data for vehicular nodes. The contribution of the proposed study is as follows:

The proposed study develops a model where multiple vehicles are presented in the mobility
environment to reduce the impediments towards streaming video.

The proposed system introduces a novel attribute called a degree of orientation, which assists in
decision-making to formulate effective routes based on the direction of the vehicle's mobility.

The proposed system introduces a mechanism of selecting the relay node to ensure data carriers'
availability so that there is always a seamless transmission of data and services among the
vehicles.

The proposed system's signi�cant contribution is that it constructs a route based on link quality
considering the direction of the vehicles' mobility. This offers better con�rmation of the con�rmed
connection possibilities because the vehicle is moving over a speci�c path. The organization of the
manuscript is as follows: Sect. 2 discusses the existing approaches where literature based on three
different architectures is discussed; Sect. 3 discusses the research problem, while Sect. 4 discusses
proposed methodology adopted to address the problems in the existing system. Section 5 discusses the
system design, which further elaborates the implementation modules involved in the study. Section 6
discusses the result obtained from implementation, while Sect. 7 summarizes the study contribution in
conclusion.

2 Existing Approaches
This section discusses the different forms of communication mechanism adopted in the vehicular
network in the existing system. It has been noticed that the approaches used for mitigating various
situations in the vehicular network are of three forms viz. i) infrastructure-based, ii) Adhoc-based, and iii)
hybrid-based. The work being carried out in each of these cases is as follows:

2.1 Infrastructure-based Approach
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In this approach, the vehicular nodes communicate with the infrastructure (Road-Side Unit-RSU) as the
�xed access point to carry out communication. The access point offers information about the routing
and tra�c to the vehicular nodes, which enable one vehicle to communicate with another vehicle.
However, it should be noted that this form of solution is quite expensive (Fig. 1). The infrastructure-based
approach usually adopts the principle of dissemination routing, further classi�ed into two forms Urban
Multihop Broadcast [16] and Optimized Dissemination of Alarm Message [16].

At present, different approaches have been evolved up towards this form of communication. Unique work
presented by Huang et al. [17] has discussed an optimal policy towards RSU. The decision-making is
formulated based on the distance between the vehicle and RSU considering delay due to queuing. The
existing approach also emphasizes distributed infrastructure to facilitate effective data dissemination
(Luan et al. [18]). Such a scheme emphasizes replicating content in RSU considering the access delay of
contents while optimizing the utility offered by a global network. Studies towards security and
communication are also considered, considering the infrastructure-based scheme (Zhang and Boukerche
[19]). Challenges associated with reliable data communication between vehicle and infrastructure is
addressed in Alsharif and Shen [20]. Zhang et al. [21] have performed a predictive strategy for the
performance of connection in both uplink and downlink transmission for the infrastructure. Studies
toward the optimal selection of infrastructure are carried out by Silva et al. [22].

2.2 Adhoc-based Approach
This communication strategy enables one vehicle to communicate directly with another vehicle without
dependency on any access point. Each vehicular node acts as a router and assists in data transmission
and exchange between the communicating nodes. The vehicular nodes are also required to cooperate
while adopting this form of scheme. The ad-hoc approach is found to have two main classes, i.e.,
topology-based routing [16] and opportunistic-based routing [16]. Topology-based routing is again found
to be of two forms, i.e., Reactive and proactive forms. Some standard implemented communication
approach for reactive routing is Adhoc On-demand Distance Vector (AODV), Adhoc On-Demand Multipath
Distance Vector (AOMDV), and Destination Sequence Distance Vector (DSDV). In contrast, opportunistic
routing is of two forms, MaxProb [16] and Vehicle Assisted Data Delivery (VADD) [16].

Existing literature towards Adhoc based approach has emphasized opportunistic routing schemes.
Adoption of game theory for a minimal price of data dissemination has been carried out by Yang et al.
[23]. It is also explored that channel scheduling signi�cantly assists in opportunistic routing, as Al-Fuqaha
et al. [24]. The work addresses challenges in predicting tra�c patterns with a solution that does not
demand an apriori information network. A predictive scheme has also been studied by Li et al. [25], where
signal quality is being predicted for assessing vehicle utility scores.

Further, the routing performance improvement in such a network can be optimized using a bio-inspired
scheme (Tian et al. [26]). This scheme is also known for its adaptive nature facilitating transmission over
a dynamic environment of vehicular nodes. Adopting opportunistic routing with the cooperative
transmission was also witnessed to offer improved communication in the vehicular Adhoc network (Peng
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et al. [27]). The trajectory-based approach is also found to offer seamless routing for nodes in a dynamic
environment for improved data communication using a simpli�ed strategy (Dau and Labiod [28]). Cao et
al. [29] carried out a unique implementation, where the idea assists in data propagation, focusing on the
vehicle's charging e�ciency. The study also showcases that the adoption of inclusion of bus signi�cantly
assists in the data dissemination process.

2.3 Hybrid Approach
This form of communication strategy integrates both infrastructure and ad-hoc-based approaches. This
kind of approach usually makes use of geographic routing, which is broadly classi�ed as Greedy
Perimeter Stateless Routing (GPSR) and Geographic Source Routing (GRS) [16].

There have been various studies carried out considering a hybrid approach towards communication.
Khan et al. [30] have used fuzzy logic and genetic algorithm for solving optimization issues in faster
communication in the vehicular ad-hoc network. Adopting the hybrid approach complements visible light
communication, too, with a limited communication range (Chen et al. [31]. Forms of study are more
inclined towards infrastructure management and less towards the ad-hoc network. There are also studies
related to enhancing hybrid communication (Zhu et al. [32]). Such hybrid schemes show that
transmission degradation in the hybrid network can be solved by the integrated usage of a greedy
approach for data propagation and recovery system. Another scheme of the hybrid networks uses routing
using tra�c-based clusters (Qi et al. [33]), which optimizes the data delivery system. Such a scheme is
claimed to balance overhead, delay, and cost of channel capacity. A study towards reliable data
transmission in the hybrid approach was carried out by Feng et al. [34], which offers lesser dependencies
towards tra�c density and �xed access points. GSR is another dominant approach in the hybrid scheme.
Various researchers (Salkuyeh et al. [35], Lee et al. [36], Hussen et al. [37], O’Driscoll et al. [38]) have used
this scheme with different mechanisms to enhance communication. There have been various efforts
towards improving GPSR scheme too (Malik et al.[39], Garrosi et al. [40], Bengag et al. [41], Setiabudi et al.
[42], Yang et al. [43], Liu et al. [44], etc.).

The next section offers a brie�ng of problems associated with existing approaches discussed in the
literature, followed by the proposed solution.

3 Research Problem
A closer look into the existing approaches highlights that they are more inclined towards adopting
different conventional variants of routing schemes. Still, they are less focused on catering to innovative
application designs. Majority of the upcoming application on modern communication in vehicles
demands transmission of the heavier multimedia signals between the vehicles—such forms of
application targets for enhancing the experience of onboard users. The existing approach discussed in
the prior section does not consider the challenges associated with the transmission of heavier �les. The
contributor to such a challenge is dynamic topology as well as an increased rate of data transmission.
The problems increase double-fold when an increased degree of quality is demanded with the massive



Page 6/26

size of heavier data. Existing approaches using multipath propagation use partitioning of the data
content to be forwarded by different routes. Although such schemes reduce data rates' complexity, they
do not include variability of node coverage under different routes for vehicular nodes. Therefore such
schemes will eventually lead to congestion, collision, and �uctuating contention, which is highly
detrimental for quality communication in a vehicular network. Therefore, there is a need to formulate a
mechanism considering this above fact of communication.

It has also been seen in existing approaches where a geographic scheme of routing is used to construct a
communication path. However, such approaches depend on positional information of a vehicle and
secondary attributes, e.g., speed, direction, orientation, etc. Such schemes are not inclusive of the
reliability factor out of dynamic topology, which does not offer much concrete evidence of such schemes'
sustainability in the long term. The challenging aspect of such a scheme is that they do not consider
stability in the load balancing process to forward heavier data �les. The biggest challenge in the existing
hybrid scheme, which is considered an effective scheme in most scenarios, is that it considers a
communication vector presence when the multipath is selected, followed by resisting interference. This is
a slightly impractical assumption as it is less likely to occur in the practical world.

To mitigate the heavier data transmission challenge, it is needed to consider various intrinsic and
extrinsic attributes connected to the vehicles' dynamicity. Further, there is a need to frame up a
computational model that offers i) faster response time, ii) higher quality of signal transmission, iii) cost-
effective algorithm implementation. From the existing study, it is clear that the hybrid approach is the
most suitable approach to address and model this problem; however, the issues associated with both
infrastructure and ad-hoc nature in hybrid approach is required to be sorted out. Hence the core research
problem will be to use a hybrid approach and develop a reliable communication system among vehicles
in a dynamic environment. The next section discusses the proposed solution.

4 Proposed Methodology
The proposed solution towards addressing existing problems is to adopt a hybrid vehicular network
approach and develop a novel model for effective streaming of data. The proposed system is developed
considering a case study of the infotainment system, patched up with the Onboard Unit (OBU) of a
vehicle. The infotainment system is assumed to do two tasks i) act as an interface for multimedia
streaming-based communication among multiple vehicles, and ii) it supports connectivity with the
wireless network (both infrastructure and ad-hoc) on the backend for facilitating the communication
system. Figure 4 highlights the proposed scheme.

According to Fig. 4, the proposed system takes data input to be relayed from one vehicle to another to
support an upcoming streaming application. The upper block relates to the inclusion of the �xed access
point coordinated with the OBU and external networks (either by using a �xed access point or connected
to another vehicle). It manages both data as well as services. The next lower block is about clustering
grid, which partitions the complete area of communication and movement of the vehicle into speci�c
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geometric zones with a prede�ned area of clusters. Each vehicular node under one cluster formulates a
group using an Adhoc-based communication scheme. This group further interacts with the �xed access
point if required. When the destination's information is known to the next speci�c number of neighboring
vehicular nodes, the routes are formed in an ad-hoc manner. However, if the routes cannot be established
within their time-out period, the system switches over to a �xed access point. The idea is to ensure that
the source vehicle could stream the data to the destination node with higher reliability. Hence, a hybrid
approach is used in the proposed system to improve the reliability of data transmission. The system
introduces a degree of orientation parameter, which offers more decision-making to formulate routes. A
further selection of a relay node is carried out to ensure that stream data reach the destination node with
a higher success rate of communication.

5 System Design
The implementation of the proposed system is carried out considering the practical environment of the
vehicular network. To target the processing of a massive stream of data between two communicating
mobile nodes, various scenarios must be considered and implemented in developing this framework.

5.1 Smart OBU for Infotainment System
OBU or On-Board Unit is an embedded device that acts as a communication bridge between the vehicle
and transceiver (road-side unit) in a vehicular network. The proposed system assumes that the
infotainment system is directly connected to the OBU. Resources for both OBU and infotainment are
limited concerning memory, processing capability, and operational speed. The only difference is the
memory of OBU cannot be extended, while that of the infotainment system can always is extended using
an external storage unit. Hence, one of the challenges in this design process is how to optimize the
performance of OBU with limited resources. The proposed system considers a �nite number of
supportable services by the considered infotainment system and a �xed number of inlet/outlet
connections. This connectivity port acts as a bridge of internal interaction between the vehicle/user and
OBU.

Figure 5 highlights that the OBU unit is connected to various components, which increasing its processing
capability, in fact, indirectly. This makes the OBU unit smarter when it works alongside with infotainment
system. Using the infotainment system's extensive resources, a buffer can be constructed to store the
incoming queue of the data stream and �lter out quality-oriented data. The proposed system can be
considered a set of algorithms that are now possible to be executed within these smart OBU units to
process a massive data stream.

5.2 Clusteringgrid
The proposed system introduces a novel and simpli�ed topology of the vehicular network to facilitate
quality data transmission among the vehicular nodes. Consider the following scenario of data
transmission, as exhibited in Fig. 6. Assume a segment of a cross-section of a road with three vehicular
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nodes, i.e.,n1, n2, and n4, moving at a variable speed. These vehicular nodes have smart OBU and assume
RSU stationed at a uniform distance over the road's edge. Considering a scenario that n1 is interested in
forwarding a message to n4. However, n1 is only in the communication range of n2 vehicle and not n4

vehicle (Fig. 6(a)). Consider a scenario where a third vehicular node n3 is approaching towards the range's
direction, which connects n2 and n4so that n3 becomes an intermediate node (Fig. 6(b)). A third scenario
where the third vehicular node n3 (acting as an intermediate node between n2 and n4) is found to move
away. Consider a parameter θ to represent the degree of orientation over the vehicular cloud representing
the a�nity of establishing established communication among the communicating vehicular nodes. A
closer look over the scenario stated in Fig. 6(b), and Fig. 6(c) will show that the parameter θ is highly
dependent on the quality of signal exchange between the OBU of all the vehicular nodes (n1, n2, n3, and
n4) that are associated with multihop-based connectivity. It will also mean that maximization of this
parameter θ will also reduce the propagation of artifacts present in the communication process (owing to
density, interference, scattering, fading, etc., in wireless vehicular nodes). Therefore, the proposed system
emphasizes evaluating this parameter θ before processing massive streams of data. Hence, the proposed
system's topology is formulated in the grid, where clustering is carried out to offer better distinction
among the communicating zones.

The proposed system considers the complete area of simulation and classi�es them equally in multiple
coverage areas. The coverage area is decided based on the presence of RSU, where each area has one
RSU and multiple vehicular nodes with smart OBU. This coverage area is termed a cluster maintained in
the form of a grid for the uniform division of the complete simulation area. The study also assumes that
each cluster executes a local communication protocol followed by vehicles within the respective cluster. It
will mean that two different vehicles in two different clusters are assumed to have two different
communication protocols. Therefore, this makes the environment more practical and assists in
communication. The study also considers that gateway nodes are connected to all RSU to assists in
translational services of heterogeneous routing for two vehicular nodes under different clusters. Apart
from this, each cluster also keeps track of the parameter θ for all local active communicating nodes,
assisting nodes in other clusters for undertaking decisions while performing massive data streaming.
Figure 7 pictorially showcase the connectivity among vehicles, RSU, and gateway node. The proposed
system considers a case study of an urban vehicular network where the vehicles are authorized to move
on a de�ned route over the deployment area. It is to be noted that Line-of-Sight (LOS) issues in the
wireless transmission are considered in this deployment region. 

5.3 Selection of Relay Node
The conventional vehicular network is constructed considering the position, speed, and several vehicles
as elementary simulation parameters before constructing the routing process. However, the practical
scenario slightly differs from this simulated scenario in various aspects. The proposed system
hypothesizes that the distance between two vehicular nodes and their movement direction plays an
essential role. Hence, the inclusion of these parameters is required to construct a practical scenario of
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implementation. The adoption of this scenario helps the information of a better form of stabilized link in
the presence of a challenging mobility context.

Figure 8 highlights the vehicle's movement's pictorial representation in a different direction and its
possible effect on establishing the communication link between the source and destination node. The
mobility pattern of a vehicle is completely an unpredictable process, and there is a higher probability of
having inclusion of various forms of artifacts over the routes of mobility. This artifact could be high if a
vehicular cloud is considered in the mobility model. Hence the formulation of a stabilized communication
link between the transmitting and vehicular receiver nodes is quite challenging to be established. The
proposed model uses the degree of orientation θ associated with the vehicular node to decide the routes
with a higher probability of delivering the data packet. The degree of orientation θ is based on the highest
probability of the data transmission from the �rst (transmitting node or relay node) to the second node
(relay node or destination node). Therefore, the proposed system undertakes multiple test scenarios of
mobility with the presence of three types of nodes, i.e., i) transmitting nodes, ii) receiving nodes, and iii)
relay nodes. The test scenario also considers all these vehicular nodes traveling over speci�c routes
equivalent to practical world routes while they move in different directions.

i) Test-Scenario-1: In this test scenario, all the vehicular nodes are moving on routes in a similar direction
with different coverage capabilities (Fig. 8(a)). This scenario states that the degree of orientation is much
favorable for n2, n4, and n7 vehicular nodes. The relative degree of orientation for this test environment is
shown in Table 1. The inference of the expression associated with the selection of routes is as follows:
owing to the weak coverage range of n5, the neighboring node n2 will select n4 where the probability of
degree of orientation is better compared to n5 (although a degree of orientation for n5 is maximum at this
point.). Similarly, assuming n6 is out of the coverage area of n4, n7 is the best possibility with the highest
degree of orientation. Hence, the selected relay nodes are n2, n4, and n7.

Table.1 Exploring Route in the �rst Case of Mobility

Vehicular
Nodes

Respective Degree of
Orientation

Relative Degree of
Orientation

Selected
Relay

n1 θ1 θ1 > θ2 n2→n4→n7

n2 θ2 θ3 > θ4

n3 θ3 θ2 = 0

n4 θ4 θ7 > θ6

n5 θ5 θ5 = max

n6 θ6 θ8 > θ6

n7 θ7 θ8 > θ2
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ii) Test Scenario-2:In this case (Fig. 8(b)), the environment chooses certain relay vehicular nodes (n2 and
n5) to be moving in opposite direction excluding transmitting (n1) and vehicular receiver node (n6).In this
case (Table 2), the favorable relay nodes selected are n2, n5, n4, and n7. The justi�cation is: vehicular node
n2 is the most eligible node which carries the data from n1 owing to two reasons, e.g., i) n3 moves far
away from the destination node, and the degree of orientation of n3 is 0 and ii) degree of orientation of n2

is higher compared to n3. The system selectsn4 via selected n5 as the degree of orientation for n4 is better
than that of n5. A closer look at this scenario is that node n4 is a very important relay node as it offers the
higher assurance of data delivery right from node n2 or node n5. Hence, in case of failure to receive data
from n5, it will always have a signi�cant chance to obtain the same from the n2 node. Hence, the reversed
direction of nodes n2 and n5 compliments the data delivery process. Similarly, node n7 offers the highest
degree of orientation in the intermittent link between n4 and n6.

Table 2
Exploring Route in the second Case of Mobility

Vehicular
Nodes

Respective Degree of
Orientation

Relative Degree of
Orientation

Selected
Relay

n1 θ1 θ1 = max n2→n5→

n4→n7n2 θ2 θ4 > θ3,θ2 = 0

n3 θ3 θ2 = 0

n4 θ4 θ7>>θ6

n5 θ5 θ5 > θ4

n6 θ6 θ8 > θ6

n7 θ7 θ8 = max

iii) Test Scenario-3: In this test scenario, the most challenging and practical situation is considered where
transmitting node n1 and receiving node n6 are traveling in the reverse direction (Fig. 5(c)). The scenario
also considers certain candidate relay nodes are also reverse to each other in the movement on the
speci�c routes. The selection of the �rst relay node n2 bears a similar condition-based on the degree of
orientation, as discussed in the prior two test scenarios. The next possibilities are vehicular relay nodes n5

and n4. A closer look at the vehicular node n5 shows a better probability of orientation than the other relay
node n4, which is traversing in a direction opposite to itself and receiver node n6. Based on the relative
values of degree of orientation (Table 3), this scenario does not call for selecting n4 as a relay node, and
hence both n4, as well as n7, are not selected as relay node owing to lesser probability to reach receiver
node n6 on time. Hence, the only probability for a better degree of orientation and reach ability relies on
vehicular relay node n5. Therefore, this test scenario selects only n2 and n5 as a relay node.
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Table 3
Exploring Route in the �rst Case of Mobility

Vehicular
Nodes

Respective Degree of
Orientation

Relative Degree of
Orientation

Selected
Relay

n1 θ1 θ1 = max n2→n5

n2 θ2 θ3<<θ4,θ2 = 0

n3 θ3 θ2 = 0

n4 θ4 θ7>>θ6

n5 θ5 θ5>>θ4

n6 θ6 θ6 = max

n7 θ7 θ8 = max

Hence, the degree of orientation not only depends upon the distance, but it also depends upon the
probability of higher proximity of the relay nodes to the receiver node for the successful delivery of data
packets. Therefore, this process results in the establishment of multiple hops between the transmitting
and receiving vehicular nodes. It should also be understood that this process results in the exploration of
stabilized routes in vehicular networks' dynamic scenario. After the effective multi-hop routes are
explored and con�rmed, then the data packets are transmitted. However, the study does not allow any
waiting period for routes to be established between the transmitting and receiving node as this will further
lead to uncertainty in established route formation. Hence, for faster delivery, the proposed system permits
the transmitting node to explore the neighboring relay node and transmit the data packet to it. All the
relay nodes further contribute to this process until the data packet reaches the destination node. To
support the streaming of signals, the proposed system formulates a multi-hop communication system.
To deal with the network resources' restrictive capacity (e.g., bandwidth), the proposed system splits the
streamed data-based on several relay nodes being found in the route exploration process. This
mechanism ensures faster transmission with higher reliability to forward the data packet towards its
destination node.

6 Result Analysis
The proposed system's implementation is carried out in MATLAB considering the following simulation
parameters: simulation area: 1000x1100m2, time of simulation: 300s, vehicles: 500, range of
transmission: 100m, packet size: 2000 bytes, and speed of vehicle: 3-10m/s. The performance metric
considered for the study is signal quality, response time, delay, and throughput. The complete analysis is
carried out using 2500 simulation iteration. Each iteration consists of random construction of path and
disseminating data packets by the vehicular nodes with an Omni-directional antenna model. The
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outcome has also been compared with the existing hybrid approach viz. GPSR and GSR protocols over
similar testbed to arrive at outcomes.

The outcome shown in Fig. 9 infers that the proposed system offers a signi�cantly higher quality of
signal compared to the existing system. Signal quality is computed using the peak signal to noise ratio to
assess the streaming quality. The prime reason behind better signal quality can be justi�ed with the
vehicles' availability on different routes, even in the presence of dynamic topology. This ensures nodes'
presence to transmit the data seamlessly; further relay node is another contributor that does not let the
signal quality drop.

Figure 10 and Fig. 11 represent response time and delay, where an interesting outcome has arrived.
Although the response time is lower than GSR and GPSR, they are not signi�cantly different. The
proposed system maintains a lower response time until 2000 rounds while it starts to increase. Increasing
simulation rounds will also mean the degradation of the node’s lifetime, causing increasing dependency
of resources and hence response time shoots up. However, this fact can be compensated with the
respective outcome of signal quality, which is higher for the proposed system. Existing approaches
include an iterative mechanism to �nd the routes every time the one transmission is over, which causes
increased response time. However, a closer look at delay performance shows a different aspect (Fig. 10).
With the greater availability of selected relay nodes, the transmitting node does not need much effort to
stream the destination node's data. A further degree of orientation helps maintain the routes'
sustainability based on the vehicle's e dynamic mobile. Hence, the proposed system offers better delay
performance.

Figure 12 showcases that the proposed system offers signi�cantly better throughput in contrast to the
existing system. The mechanism of selecting the relay node is the prime reason behind this seamless
transmission causing increasing throughput.

7 Conclusion
The present paper has discussed streaming massive data over the vehicular network adhering to the
improvised hybrid architecture. The idea of this work mainly orients around accessing critical online
services to enhance the driving experience and reduce road fatalities. The proposed system constructs a
novel model of infotainment system where multipath information dissemination is carried out. In large
and dense vehicle mobility scenarios, various challenges can obstruct the seamless communication
process. This is the prime research challenge addressed in current work. The proposed system introduces
certain novelty in designing this hybrid approach by including i) selecting relay node and ii) degree of
orientation. These two parameters are critically responsible for decision-making to ensure that data, once
propagated, should reach the destination node. The simulation study carried out in MATLAB shows that
the proposed system offers faster response time, higher throughput, reduced delay, and increased signal
quality.
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Figures

Figure 1

Infrastructure-based approach. Vehicles communicate with �xed access point present over the road
(called as Road Side Unit)
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Figure 2

Adhoc Based Approach. Vehicles communicate among themselves, acting as a self-router
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Figure 3

Hybrid based approach. This approach considers an ad-hoc network that connects the presence of a
�xed access point, as well as each vehicle
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Figure 4

Proposed Scheme of Data Streaming in Hybrid Vehicular network. The scheme consists of three blocks
of operation i) Smart OBU for the infotainment system, ii) Clustering Grid, and iii) Selection of Relay
Node.

Figure 5
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Smart OBU and its connectivity to other essential operational blocks in vehicular network

Figure 6

Consider Possible Scenario of Vehicular node communication. (a) source node n1 communicates with n2
but cannot communication with its destination node n4, (b) n1 can now communicate with n4 via
intermediate nodes n2, and n3 node with a higher degree of orientation, i.e., θ1 is spontaneously higher,
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(c) node n3 moves away from both n2 and n4 leading to degradation of θ2, which also weakens the
connectivity between n1 and n4.

Figure 7

Deployment of the vehicles in the new topology. In a sample of 6 clusters, different vehicles (or OBU) are
deployed which are connected to their respective RSU. All the RSU are �nally synced with a gateway node
for assists in heterogeneous data streaming in a vehicular network.
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Figure 8

Process of selecting relay node in three test scenarios viz a) one-directional vehicles, ii) relay nodes in the
opposite direction, and iii) destination node is moving at opposite direction along with some speci�c relay
node
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Figure 9

Comparative Analysis of Signal Quality
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Figure 10

Comparative Analysis of Response Time
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Figure 11

Comparative Analysis of Delay
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Figure 12

Comparative Analysis of Throughput


