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Abstract: The number of people owning vehicles has been steadily growing, resulting in increased numbers of
vehicles on the roads, making roads more congested, and increasing the risk of accidents. In addition, heavy
rain, snow, and fog have increased due to abnormal weather caused by global warming. These bad weather
conditions can also affect the safety of vehicles and drivers. The need to disseminate safety messages on the
social internet of vehicles due to these problems has been steadily increasing. In this paper, we propose an
efficient safety message dissemination scheme that focuses on urban environments with high vehicle density
and mobility to address these problems. The proposed scheme reduces packet loss by considering frequent
cluster departures and subscriptions through an efficient cluster management technique. In a vehicle-to-vehicle
environment, the dissemination of safety messages is divided into an intra-cluster and an inter-cluster
emergency as well as general safety message dissemination technique. In a vehicle to infrastructure
environment, the proposed scheme reduces the number of processing requests and duplicate messages made
to roadside units (RSUs) through a request operation process for each vehicle and an RSU scheduling
technique. We conducted several performance evaluations of message packet loss and the number of RSU
processing requests to demonstrate the superiority of the proposed scheme.

Keywords: Social Internet of Things; Social Internet of Vehicle; Vehicle-to-Vehicle; Vehicle-to-Infrastructure;
Vehicle Ad-hoc Network; Social Networks

1. Introduction

Studies using a vehicular ad hoc network (VANET) to improve user driving convenience and
traffic safety are currently being conducted. In particular, services are being implemented that
provide users with safety messages to avoid road accidents, find less congested routes, and so reduce
fuel consumption and air pollution. The most basic safety message dissemination method is based
on broadcasts. However, broadcast-based message dissemination causes the broadcast storm
phenomenon, which causes excessive transmission delay, packet loss, transmission failure, and
dissemination interference, and degrades overall network performance. Furthermore, broadcast
storms occur more frequently in urban environments with high vehicle density.

Several schemes have been proposed for disseminating messages in a VANET environment [1-
3]. However, existing schemes are based on probabilistic methods, which can cause unacceptable
communication delays in real road environments [1]. Moreover, existing schemes do not adequately
consider the frequent subscriptions and departures of vehicle clusters, the variety of message types,
and the roadside unit (RSU) environment [2,3].

In this paper, we propose a safety message dissemination scheme that uses collaboration
between vehicles in a VANET environment. The urban environment considered in the proposed
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scheme has a higher need than rural environments for safety messages due to the higher traffic
volume and greater chance of sudden congestion and emergency situations arising. Traffic in urban
environments also moves in different directions such as at intersections, in contrast to one-way roads
like highways. Therefore, the proposed scheme disseminates safety messages considering the high
mobility and density of vehicles. It also performs cluster-based safety message dissemination
considering both vehicle to vehicle (V2V) and vehicle to infrastructure (V2I) environments.

This paper is organized as follows. Section 2 introduces related research and analyzes the
differences and features of each scheme. Section 3 describes the cluster management, V2V, and V2I
communication techniques for the proposed safety message dissemination scheme. Section 4 presents
the results of performance evaluations conducted to demonstrate the superiority of the proposed
scheme. Section 5 concludes this paper and describes future research.

2. Related Work

Broadcast-based message dissemination generates many duplicate messages, causing packet
collisions and transmission delays. Recently, researchers have studied several message dissemination
schemes to address these issues.

The Reliable Emergency Message Dissemination (REMD) scheme has been proposed [1], which
ensures message dissemination reliability by performing the optimal number of broadcasts. REMD
measures the quality of the vehicle's wireless communication reception and uses this to calculate the
optimal number of message repetitions. It then selects forwarders based on this information. In
REMD, each hop's forwarder performs cooperative communication to improve the network's
reliability.

PBE, a scheme that disseminates location-based emergency messages by forming clusters has
also been proposed [2]. The proposed environment supports urban areas with high traffic density
and bidirectional traffic with multiple lanes. Vehicles form clusters based on their speed and direction
of movement. Each cluster consists of one cluster head (CH) and one or more cluster members (CMs).
In PBE, the probability of emergency message dissemination between the vehicles is modeled using
the Nakagami-m probability distribution.

A centralized scheduling algorithm within the RSU coverage area and a temporary message
dissemination strategy outside the coverage area has also been proposed [3]. This scheme considers
the highly dynamic network topology due to the high mobility of vehicles and the limited
infrastructure to vehicle (12V) bandwidth. The scheme analyzes how the dynamic network topology
and limited bandwidth impact the number of message items vehicles can retrieve.

Since the REMD scheme for urban vehicle networks [1] uses a probability-based technique with
Nakagami-m distribution, this may cause unacceptable communication delay errors in actual road
environments. Location-based emergency message dissemination (PBE) for the internet of vehicles
[2] does not consider the frequent cluster departures of vehicles, general safety messages, and the
RSU environment. RSU-support adaptive scheduling for inter-vehicle message sharing in
bidirectional road scenarios [3] focuses on RSUs, lacks detailed operations for message dissemination
in environments without RSUs, and does not consider the RSU load.

3. The Proposed Safety Message Dissemination Scheme
3.1. Overall Structure

The aim of this paper is to propose an efficient message dissemination scheme to reduce packet
loss and decrease the number of duplicate requests and messages. The proposed scheme has the
following features. It uses an efficient cluster management technique to reduce packet loss by
considering frequent cluster departures and subscriptions in urban environments with high vehicle
density and mobility. In V2V environments, the message dissemination scheme can reduce the
number of messages and broadcast storms through a detailed message dissemination process of
clustered vehicles. In V2I environments, the safety message dissemination scheme proposes different
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formulas and operation processes for RSU scheduling to reduce the RSU's load and the number of
duplicate messages.

Safety messages are divided into emergency and general safety messages in this study.
Emergency safety messages are messages that must be disseminated regardless of the desired
reception due to high accident rates. They are defined as having a message ID, occurrence location
and time, maintaining urgency, and they inform surrounding vehicles of the emergency situation,
with a specified minimum guaranteed life. General safety messages contribute to safety and are
selectively received based on user settings. They have no urgency and communicate through requests
and responses from vehicles that require general safety messages rather than forced dissemination.
The request timing of general safety messages is divided into automatic required time requests based
on the vehicle's location and settings, and direct requests by users. Since each vehicle has a different
destination, direction, and speed, and each user has a different required time for general safety
messages, time is not considered. Therefore, in this study the required time is assumed to be given
for each vehicle or general safety message. Referring to the Korean Ministry of Land, Infrastructure
and Transport C-ITS safety service plan [4], emergency safety messages include high accident rate
road hazard information, vehicle collision prevention, and emergency situation warnings. General
safety messages include location-based traffic information, yellow bus operation guidance, and
school zone arrival and departure notifications. This study sets the road infrastructure as RSUs.
Because RSUs require installation and maintenance costs, it is appropriate to install them in urban
environments with higher vehicle traffic volume than rural areas. Therefore, urban environments
must consider both V2V and V2I environments.

The proposed scheme consists of three techniques to efficiently disseminate emergency and
general safety messages in an urban environment. First, cluster management is a technique that forms
clusters of vehicles with similar locations, directions, and speeds . The cluster management technique
can efficiently maintain and manage clusters considering frequent cluster departures and
subscriptions caused by the high mobility of urban vehicles. Second, the safety message
dissemination scheme in a V2V environment uses a technique where vehicles, based in clusters, take
on different roles to efficiently deliver messages to one another. The safety message dissemination
scheme is divided into intra-cluster and inter-cluster communication. Third, the safety message
dissemination scheme in a V2I environment uses a technique where vehicles entering the RSU’s
communication range receive assistance from the RSU to disseminate safety messages. In a V2I
environment, the safety message dissemination scheme is divided into a cluster-based request
scheme and RSU scheduling scheme.

Figure 1 shows the proposed safety message dissemination in an urban environment. V2V
communication is a scheme where vehicles with similar locations, directions, and speeds form
clusters and disseminate safety messages. The cluster consists of the cluster head (CH), which leads
the cluster, and cluster members (CMs) . When a vehicle detects an emergency situation, it generates
an emergency safety message. This message is disseminated to nearby vehicles according to the
proposed V2V safety message dissemination scheme. General safety messages are delivered based
on request messages. In the proposed scheme, when the CH enters the RSU's communication range,
it collaborates with the RSU to disseminate emergency safety messages. Additionally, if the CH has
general safety messages needed for its cluster, it requests them from the RSU. When the RSU receives
a request for emergency safety messages or general safety messages, it considers factors such as the
vehicle's safety message holding rate and request rate to disseminate the safety messages.
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Figure 1. Environment of proposed safe message dissemination.

3.2. Cluster Management

Urban environments are characterized by high vehicle mobility and density. In such
environments, if all vehicles request or disseminate messages, excessive transmission delays may
occur due to the broadcast storm phenomenon. Therefore, to efficiently disseminate safety messages,
it is necessary for each vehicle to form a cluster and perform distinct roles. Here, a cluster
management scheme is needed to configure and maintain clusters in a way that minimizes cluster
management costs and allows clusters to last longer. Cluster management can be divided into the
cluster subscription algorithm and CH candidate algorithm for cluster maintenance.

Figure 2 shows the overall process of the proposed cluster management technique. The initial
state of all vehicles is IN. When a vehicle in the IN state receives a CHA from nearby vehicles, it
subscribes to the cluster. Once a vehicle subscribes to a cluster, it becomes a CM. If the vehicle does
not subscribe to any cluster within a certain period, it declares itself as a CH and broadcasts a CHA.
All vehicles subscribed to a cluster perform V2V communication. Finally, when a vehicle departs
from the cluster, it returns to the IN state.
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Figure 2. Cluster management scheme process.

3.2.1. Cluster Subscription

The purpose of clustering is to differentiate the roles of each vehicle, reduce duplicate messages,
and improve the reception rate of safety messages. However, in urban vehicle environments with
high mobility and varying travel directions, clusters frequently need to be reconfigured. If the urban
vehicle environment is not taken into consideration, high cluster management costs are incurred. The
purpose of the proposed cluster subscription algorithm is to form clusters with vehicles that have
similar locations, speeds, and directions, allowing the cluster to last longer.

Figure 3 shows the cluster subscription algorithm. Vehicles periodically broadcast basic safety
messages (BSMs) to share their basic state information with nearby vehicles. The CH uses BSMs to
send CHAs to unsubscribed vehicles (IN). Vehicles that receive the CHA send a cluster invitation
confirmation message to the CH. The CH compares the cluster's direction, location, and speed with
the IN, and if the score is above a certain threshold, it sends a subscription completion message and
then the other vehicle is subscribed to the cluster. 't' indicates the wait time for a cluster invitation
message. f = 1 indicates the cluster search state. Each vehicle ends the cluster search state (f = 0) once
cluster subscription is completed within time 't'. When 't' reaches 0, each vehicle declares itself as a
CH and broadcasts a CHA to its surroundings.

Cluster subscription algorithim

Noftation :

01:  ¥i= Vehicle i

02:  IN=Inferior Node

03:  BSM : basic information message of vehicle

04:  t:Set amount of time to wait for a vehicle with a score higher than oneself
05:  f: Cluster search state (0: cluster search ended, 1: cluster search)

06:  CH=Cluster Head

07: Input : BSM,t

08:  Output : Cluster subscription

09:  ifVi=IN:

10: Broadcast(BSM)

Il: t.start() /{ timer start

12: f=1 // cluster search

13: While 1>0:

14: if cluster invitation message received :

15: send cluster invitation confirmation message to CH

16: if cluster subscription completion message received :

17: f=0

18: Vi=CM #/ cluster subscription completed
19: return

20: if f=1: /{ timer ends and cluster subscription fails
21: declare oneself'as CH

22: send cluster invitation message

23:  ifV;=—CH:

24: if CH received cluster invitation confirmation message :

25: if direction, location, and speed are the same as IN ;

26: send cluster subscription completion message to IN

27: else:

28: Ignore
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Figure 3. Cluster subscription algorithm.

3.2.2. Cluster Head Candidates

In urban environments, vehicles have high mobility and density. In V2V communication, this
causes frequent cluster subscriptions and departures, which must be considered. The CH candidate
algorithm proposed in this paper is a method to always maintain CMs that can perform the role of
the next CH. The proposed scheme supports immediate CH replacement using the CH candidate
algorithm if a problem arises with the CH, maintaining V2V communication. If the frequent
reconfiguration of clusters is not considered, then when the CH suddenly departs, packet loss of
safety messages will occur during the time it takes to re-select a CH. Therefore, a CH candidate
algorithm considering the sudden departure of the CH from the cluster is needed.

Figure 4 shows the proposed CH candidate selection process. Time 1 shows the process of CMs
periodically sending scores to the CH. Time 2 shows the process of the CH receiving scores from the
CMs and disseminating the Cluster Head Candidate List along with the cluster information. The CH
aggregates and sorts the scores from the CMs, and then creates and disseminates the Cluster Head
Candidate List. Each CM that receives this list learns who the next CH candidate is and prepares for
the sudden departure of the CH. If the CH suddenly departs, the CMs wait for a certain time 't". If
time 't' passes, each CM assumes the CH has departed and the next CM with the highest score
declares itself as the CH. The proposed scheme minimizes packet loss for safety messages by having
a CM immediately perform the role of the CH through the CH candidate algorithm.

sl CM sends CH candidate scores to CH
e CH sends CH candidate rankings to CMs

Tt g
/o -
o /:/v

-

—;—;«:" \/ \\ﬁ_ﬁi /

\\/

This is my CH candidate 2T Time 1 ’\ 4

score, @ ——— Cluster B,
i @y e This is the ranking of
7

K , / CM's next CH candidates.

—_ Cluster

Figure 4. Cluster head candidate selection process.

To select a cluster head candidate, each CM comprehensively calculates its reception quality,
total number of messages, movement speed, and the number of nearby connected vehicles, and then
sends its score to the CH. Reception quality refers to how well the vehicle can communicate. The most
important role of the CH is to effectively disseminate messages. The proposed scheme considers
vehicles with better reception quality to have a higher message dissemination success rate, as they
have a lower signal attenuation rate [1]. The total number of messages represents how many
messages a vehicle has. The proposed scheme considers that vehicles with more messages can
respond to different requests from CMs. Movement speed refers to the vehicle's speed and how close
it is to the average movement speed of vehicles within the cluster. The proposed scheme considers
that vehicles with speeds closer to the cluster's average speed are more likely to maintain the CH for
a longer period without departing from the cluster. The number of connected vehicles refers to how
many vehicles within the cluster the vehicle can communicate with. The proposed scheme considers
that vehicles that can communicate with many other vehicles within the cluster can perform the role
of the CH well. Accordingly, the CH candidate score is the sum of these attribute scores; higher scores
indicate a higher likelihood of becoming the CH.
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Equation (1) calculates the reception quality (RQ). Reception quality is calculated as 1 — packet
loss rate. The packet loss rate is calculated by dividing the number of packet losses (PL) by the total
number of packets (TP).

(M

Equation (2) calculates the total number of messages (TD). This is calculated by dividing the total
number of messages the individual vehicle has by the number of messages held by the vehicle with
the most messages in the cluster. A higher number of messages leads to a higher score.

Y.ie1 Data(V;)
TDwy = 1 n
i Highest(¥i—, Data(V})) € Cluster

2

Equation (3) calculates the movement speed (speed score). This is the absolute value of the
difference between the average movement speed of vehicles within the cluster and the individual
vehicle's speed. Smaller values indicate that it is closer to the average speed, leading to a higher score.
When each CM receives cluster information from the CH, it also receives the cluster average speed
(CAS).

SSwy =1— (|CAS — Speed | + 1) = 0.01 3)

Equation (4) calculates the total number of connected vehicles (TCV). This score is calculated by
dividing the number of connected vehicles (CV) within one hop by the total number of vehicles in
the cluster (TV). A higher number of connected vehicles leads to a higher score.

CV(V;)'s 1 hop
TV € Cluster

Equation (5) calculates the final CH candidate score. This is the sum of the reception quality,
total number of messages, movement speed, and number of connected vehicles scores. The CM with
the highest score is the first candidate to become the next CH.

TCV, = 4)

Scorey,y = RQ +TD + SS + TCV (5)

3.3. V2V Communication

The proposed message dissemination scheme operates similarly to PBE, a cluster-based V2V
communication method [2]. Figure 5 shows the operation structure of V2V communication. The
proposed V2V communication scheme is divided into inter-cluster and intra-cluster communication.
Intra-cluster communication refers to the communication between the CH and CMs within the same
cluster. Inter-cluster communication refers to the communication between CHs in different clusters.
CHs perform both intra-cluster and inter-cluster communication, whereas CMs perform only intra-
cluster communication.

doi:10.20944/preprints202304.0541.v1


https://doi.org/10.20944/preprints202304.0541.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 April 2023 doi:10.20944/preprints202304.0541.v1

V2V <= == P |nter Cluster Communication(CH-CH)
=== |ntra Cluster Communication(CH-CM)

_— Cluster -_ - . Cluster
-~ —
7 Do
// — - e S \\\
l/ \\ ’/ ) ) \\
/ !
\ \
\ G RN~ I
N () el o e 8"
~ = ~ Tt

—_————

~_~— — —

Figure 5. V2V communication.

3.3.1. Intra-Cluster Communication

The purpose of intra-cluster communication is to divide the roles of vehicles participating in
message dissemination and to disseminate messages. The proposed scheme reduces duplicate
messages and improves the reception rate of safety messages through intra-cluster communication.

Intra-cluster communication refers to message dissemination between the CH and CMs within
a cluster. Figure 6 shows the intra-cluster communication algorithm. Intra-cluster communication
operates differently depending on the type of message. Emergency safety messages are disseminated
regardless of each vehicle's willingness to receive them, as they are related to driver safety. In
addition, emergency safety messages start to be delivered as soon as a vehicle becomes aware of an
emergency event. In contrast, general safety messages are non-urgent and are initiated by user
requests.

The intra-cluster message delivery process in situations where emergency safety messages are
disseminated is as follows. When a CM becomes aware of an emergency situation or receives an
emergency safety message, it immediately sends the emergency safety message to the CH. When a
CH becomes aware of an emergency situation or receives an emergency safety message, it
disseminates the message to the CMs. At the same time, the CH disseminates the message to nearby
CHs; this process will be explained in the inter-cluster communication section. If an IN becomes
aware of an emergency situation, it broadcasts the message.

General safety messages are communicated through requests from vehicles that need general
safety messages and responses from vehicles that can provide the messages. The request timing of
general safety messages is divided into automatic requests based on vehicle location and settings,
and direct user requests. Since each vehicle has a different destination, direction, and speed, and each
user has different set needs, the timing of general safety message requests also varies. The intra-
cluster message delivery process in situations where general safety messages are disseminated is as
follows. If a CM needs a general safety message, it requests it from the CH. If the CH has the requested
safety message, it sends the message to the requesting CM. If the CH does not have the requested
safety message, it checks if any other CM within the cluster has the message. If a CM within the
cluster has the message, the CH delivers the safety message request to the CM with the message.
Then, a connection is established between the CM that received the safety message request and the
CM that requested the safety message, and the general safety message is sent. If the requested
message does not exist within the cluster, the CH delivers the request to another CH; this process will
be explained in the inter-cluster communication section.

All vehicles, upon receiving safety messages, determine whether they are duplicates and store
only new messages. CMs send their list of messages to the CH every time they receive a new message
and store the last times they sent the list. The CH consolidates the CMs' message lists, updates the
message lists held within the cluster, and manages them.
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Intra cluster communication algorithm

Notation :

01: N : current vehicle

02; M : message

03: EM : emergency safety message
04: SM : general safety message

05: RM: request message for general safety message
06: Input : N.\M

07: Output : message dissemination and transmission

08: M receipt f/ message receipt

09: ifM=—EMand EM —new EM :

10: ifN==CH:

11; disseminate emergency safety message to one’s own CMs

12: call inter-cluster communication algorithm // disseminate EM to nearby CHs
13: elsif N—CM :

14: disseminate EM to one’s own CH

15: elsif N=—=1IN:

16: broadcast emergency safety message

17:

18: ifM=SM and SM == new SM :

19: if needed by oneself:

20: store

21: if N=CH:

22: update messages held in cluster

23: elsif N=—=CM :

24: send CH an updated list of held messages

25: else :

26: ignore

27.

28: ifM=—RM:

29: ifN==CH:

30: if oneself has a safety message of RM :

31: send SM (RM == SM) to the CM that sent the RM

32: elsif a CM in the cluster has safety message of RM :

33: SM transmission request to CM with safety message of RM
34: else : // when there is no safety message of RM in the cluster
35: call inter-cluster communication algorithm

36:

37: elsif N— CM and CM receives SM transmission request from CH :
38: send SM (RM == SM) to CM or CH that made the request

39:

40: else ;

41: ignore

Figure 6. Intra cluster communication algorithm.

3.3.2. Inter-Cluster Communication

Inter-cluster communication refers to message dissemination between CHs of different clusters.
There are two main situations where inter-cluster communication is necessary. First, when
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disseminating emergency safety messages, CHs must perform message dissemination as
representatives. Second, when a general safety message is requested and the requested data does not
exist within the cluster, it is necessary to forward the request to another cluster.

Figure 7 shows the inter-cluster communication algorithm, which is divided into disseminating
emergency safety messages and forwarding request messages for general safety messages. When a
CH has an emergency safety message with remaining lifetime, it disseminates the message to the CH
of another cluster. If a request for a general safety message needs to be disseminated to another CH,
the CH first stores the request message in the cluster request message table (CRD) . When the CM
that requested the general safety message receives the message or departs from the cluster, the
request message is deleted from the CRD. The CH periodically disseminates the CRD to CHs in
nearby clusters. CHs receiving the CRD from another cluster check if the requested general safety
message exists within their cluster. If the requested safety message exists within the cluster, a
connection is established between the two CHs and the message is delivered. If the requested safety
message does not exist within the cluster, the CH ignores the request.

Inter cluster communication algorithm

Notation :

01: CRD : cluster request message table

02: CRD _total : total messages of CRD

03: CRD i : cluster request message i

04: EM : emergency safety message

05: lifetime = survival time that must be guaranteed for EM
06: RM: request message for general safety message

07: N : current vehicle

08: Input : RM,EM

09: Output : CRD message request

10: def To_Other Cluster(CRD) :

11: if len(CRD) =0

12: send all messages of the CRD to other nearby clusters

13: if the CM that requested CRD i departed from the cluster or received CRD i :

14: CRD total —-CRD i

15: if CRD i within CRD is received from another nearby cluster :

16: CRD total —-CRD i

17: send CRD i to the CM that made the request

18:

19: witile N — CH and if not departed from cluster :

20: if holds EM and the EM's lifetime != 0

a1 disseminate emergency safety message // disseminate emergency safety message to
nearby CHs

22: if there is no safety message of RM in the cluster :

23: insert RM in CRD

24 To Other Cluster(CRD)

Figure 7. Inter cluster communication algorithm.

3.4. V21 Communication

The proposed scheme performs message dissemination using the RSU as a supplementary tool
when a vehicle is connected to an RSU. V2I communication refers to communication between vehicles
and RSUs within the RSU’s communication range. RSUs have several advantages, such as larger
storage space, wider communication range, and fast collaboration between RSUs. However, since
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vehicle density is high in urban environments, direct communication between all vehicles and the
RSU can create a heavy load on the RSU. Therefore, in the proposed scheme, V2I communication
operates similarly to cluster-based V2V communication. V2I communication in the proposed scheme
is divided into a cluster-based V2I communication technique and RSU scheduling technique.

3.4.1. Cluster-Based V2I Communication

Figure 8 shows the operation process of V2I communication. Cluster-based V2I communication
has similar required time and operation processes to inter-cluster communication in V2V
communication. Cluster-based V2I communication is performed when disseminating emergency
messages and when general safety messages that do not exist within the cluster are requested. To
prevent load on the RSU, CMs communicate with the RSU through the CH. INs communicate directly
with the RSU.

ssssssussnsp CM requests safety data (CM—>CH)
V2| == == == § CH requests safety data (CH->RSU&CH:s)
sl |N requests safety data (IN->RSU)

" )

Request e
q ST
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- Cluster _ _. = - Cluster / RSU

// == \\ = /\\ j‘g
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/ o Fgy ™ _ \VoliFg? ' W\l // 5

I{ 0" ‘0 ~ | : o" "
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Figure 8. V2I communication.

Figure 9 shows the cluster-based V2I communication algorithm. If an emergency safety message
exists, the CM delivers the emergency safety message to the CH in the same way it operates in V2V
intra-cluster communication. CMs do not communicate directly with the RSU. On the other hand,
CHs and INs directly deliver emergency safety messages to the RSU when such messages exist. The
RSU receiving the emergency safety message checks for duplicates and then immediately
disseminates the message. If a request for a general safety message exists, the CH delivers the CRD
to the RSU in the same way it operates in V2V inter-cluster communication. The RSU receiving the
vehicle's general safety message request broadcasts the message needed by the vehicle. Here, the RSU
performs scheduling considering factors such as holding rate and request rate within the
communication range to disseminate higher priority messages. The RSU disseminates the safety
message to vehicles within the communication range according to the scheduling results.
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Cluster-based V2I communication algorithm

Notation :
01: CRD : cluster request message table
02: CRD i: cluster request message i

03: EM : emergency safety message

04: RM:  request message for required general safety message
03: N : current vehicle

06: Input : RM, EM

07: Qutput : CRD message request

08: def In RSU(CRD):

09: send CRD to RSU and nearby ClHs

10: if CRD_iwithin CRD is received from RSU :

11: CRD_total -CRD_i

12: while if within the RSU’s communication range :

13: ifNI=CM:

14: if holding the EM :

15: send emergency safcty message to the RSU

16: if‘there is a required general safety message :

17: ifN=IN:

18: send RM to RSU

19: ifN=CM:

20: send RM to CH

21: FFN==CH:

22: jfthere is no message of RM in the duster :
23: call intra-cluster communication algorithm
24: else: // it there is no requested message in the cluster
25: insert RM in CRD

26: iflen(CRD) =0

27: In RSU(CRD)

28: if the vehicle that requested CRD i has departed
29: CRD total —CRD i

30:

3L ffoutside the RSU’s communication range :

32: call intra-cluster communication algorithm

Figure 9. Cluster-based V2I communication algorithm.

3.4.2. RSU Scheduling

RSUs have a wider communication range than vehicles. Therefore, they can disseminate the
necessary messages to many vehicles at once [3,5-7]. However, since RSUs have limited
communication bandwidth, they cannot send all messages at once. Thus, an RSU scheduling
technique is needed to determine the priority of messages and disseminate them.

RSUs determine which messages to disseminate based on the CRD received from the CH of each
cluster. The proposed scheme considers the holding rate and request rate of messages to determine
their priority. RSUs store and manage the following information for scheduling. First is the Broadcast
Candidate Table (BCT), which sorts and stores the priority of each safety message. The BCT consists
of the message ID, holding rate, request rate, lifetime, urgency index, and score. The BCT updates the
priorities every time the RSU makes a broadcast. Second is the Vehicle Information Table (VIT), which
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stores information about vehicles and clusters. The VIT consists of vehicle ID, cluster ID, cluster
information, travel direction, cluster request messages, cluster holding messages, destination,
latitude, and longitude. Third is the Formula Table (FT), which stores the formulas needed for BCT
priority. The FT is calculated by joining the BCT and VIT, and consists of the requested cluster ID,
requested message ID, and holding status. FT is used to calculate the holding rate and request rate of
each message in the BCT.

Equation (6) calculates the holding rate (HR), which refers to the proportion of clusters within
the RSU's communication range that have the corresponding message. The holding rate is calculated
by dividing the number of clusters holding the data (NCH) by the number of clusters requesting the
data (NCR). A high holding rate indicates a high probability of sharing the message through V2V
communication. Therefore, the proposed scheme considers messages with high holding rates as
lower priority.

NCHp
NCRp

Equation (7) calculates the request rate (RR), which refers to the proportion of vehicles within
the RSU's communication range requesting the corresponding message. The RR is calculated by
dividing the number of vehicles requesting the message by the total number of messages requested
by the vehicles. The proposed scheme considers messages with high request rates as higher priority.

Yi=1D@
i1 D@y + 221 Dy + -+ Xiz; Dy

Equation (8) calculates the priority score of the BCT. The proposed scheme unconditionally
assigns a score of 2 to the emergency safety message if there are clusters that have not received it. The
BCT priority score of general safety messages is the sum of the holding rate and request rate.

2 Jif EM
HR(D(q)) + RR(D(a)), if SM ®
Figure 10 shows the RSU scheduling algorithm. The RSU receives the cluster information and

CRD from each CH. If a new safety message is received, the RSU calculates the storage priority and
performs BCT management, which includes inserting new messages and deleting unimportant

HR(D(q)) =

RR(Dy)) = )

BCT Score(D(a)) = {

messages. If there is no new message received or BCT management is completed, then the formula
table is updated. Updating the formula table includes calculating the holding rate and request rate
for each message. The priority of each message is calculated based on the updated formula table, and
the BCT is updated accordingly. The RSU broadcasts safety messages based on the updated BCT. If
there are still vehicles within the RSU's communication range after broadcasting, the RSU receives
the vehicle information and safety messages and repeats the process. If there are no more vehicles
within the RSU's communication range after broadcasting, the RSU waits until new vehicles connect.
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RSU scheduling algorithm (with broadcast)

Notation :

01: lifetime = survival time that must be guaranteed for EM

02: BCT = Broadcast Candidatc Table

03: BCTscore(D(a)) =BCT priority score for a message

04: Input : cluster information and requests, sorted BCTscore _list

05: Quiput ; broadcast

06: def FT_update(cluster information and requests, BCT):  // update formula table
07: calculate holding rate

08: calculate request rate

09: return HR(D(a)), RR(D(a))

10:

I def BCT update(HR(D(a)), RR(TDxa)}): /update BCT

12: BCTscore(D(a)) = HR(D(a) + RR(D(a)) /lpriority score

13: BCTscore_list=BCT[BCTscore(D(a)), ... BCTscore(D(c))]

14: sorted BC'lscore list=BClscore listsort(reverse = lrue) // sort priority scores in descending order
15: return sorted BCTscore list

16:

17: def RSU_Broadeast(cluster information and requests, sorted BC'lscore list):

18: if anew message is received :

19: BCT management /finsert new messages, delete low-importance messages
20: FT_update(cluster information and requests)

21: BCT update(HR(D(a)), RR(D(a)})

22: if there is a safety message to request to vehicle :

23: add salety message request

24: // send priority messages corresponding to the packet size RSU can send at once
25: Sor i lenmax(RSUpacketsize)) :

26: broadcast(sorted BCTscore_list]i])

27:

28: while if avehicle is within communication range :

29: receive cluster information and requests

30: RSU Broadcast(cluster information and requests, BCT)

Figure 10. RSU scheduling algorithm (with broadcast).

4. Performance Evaluation
4.1. Performance Evaluation Environment

To demonstrate the superiority of the scheme proposed in this study, we conducted performance
evaluations of the safety message dissemination scheme in an urban environment. For this, two
experimental evaluations were conducted. The first compares the packet loss of safety messages
when cluster candidates are maintained by the cluster candidate algorithm and not maintained. The
second compares the number of RSU processing requests and duplicate messages when all vehicles
request safety messages from the RSU according to the vehicle request algorithm and when clusters
are used to request safety messages in a V2I environment. Table 1 shows the environments in which
the performance evaluations were conducted.
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Table 1. Performance evaluation environments.

Environment Value
CPU Intel(R) Core(TM) i5-9600 CPU @ 3.70 GHz
Memory 32.0 GB
oS Window 10 64-bit
Language Python 3
MAC Model IEEE 802.11p WAVE

This study implemented a safety message dissemination environment proposed according to
the communication standards of VANET. Table 2 shows the parameter values applied in the
performance evaluations. The performance evaluations were implemented with the Python
programming language. The values of parameters such as communication period, transmission rate,
and message size were implemented according to the communication standards of VANET. We
performed comparative evaluations using the same message size and communication environment
as previous studies.

Table 2. Performance evaluation parameters.

Parameter Value
Time to wait for disconnected CH 15s
Message transmission rate 6 Mbps
Channel synchronization period 100 ms
Beacon size 194 bytes
EM packet size 170 bytes

4.2. Performance Evaluation Results
4.2.1. Comparison of Safety Message Packet Loss

We compare the safety message packet loss rate with an existing scheme to demonstrate the
superiority of the proposed scheme. The existing scheme, proposed by Muhammad Ali (PBE) [2],
forms clusters for communication but does not maintain separate CH candidates. Therefore, when
the CH departs from the cluster in the existing scheme, a new CH is selected from when it departs.
However, during the operation of selecting a new CH in the existing scheme, safety message packets
are lost. Conversely, the proposed scheme pre-selects and maintains CH candidates, so even if the
CH departs from the cluster, it can be immediately replaced with a new CH. In the experimental
evaluations, we measured the packet loss that occurs when the CH departs compared to the number
of safety message packets that the CH can disseminate during the evaluation time and converted it
to a percentage. In the first experimental evaluation, for the transmission cycle and message
transmission rate, messages are assumed to be disseminated by performing a time sleep in units of
ms. The vehicle departure is performed at intervals of 60 s.

Figure 11 shows the safety message packet loss rate according to the CH departure cycle. In the
V2V environment, the experimental evaluation was conducted by changing the departure cycle of
the CH, the main agent of safety message dissemination, from 120 s to 10 s. The experimental
evaluation time, number of vehicles, and maximum time , which is the time to wait for the
disconnected CH and detect that the CH has departed, are 1.5 s. PBE compares scores among the CMs
1.5 s after the CH is disconnected to select a new CH. Therefore, in PBE, the more frequent the CH's
departure from the cluster, the more score comparisons among CMs occur to select the next CH. The
message exchanges required for this process result in substantial safety message packet loss.
However, the proposed CH candidate algorithm enables the CM with the highest score in the cluster
to immediately perform the new CH role 1.5 seconds after the CH is disconnected, resulting in packet
loss for only the 1.5 s that they wait for the CH. Thus, the proposed CH candidate algorithm
outperforms PBE, by approximately 16.5% in terms of packet loss rate.


https://doi.org/10.20944/preprints202304.0541.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 April 2023 doi:10.20944/preprints202304.0541.v1

16

—e—PBE —e—CH Candidate Algorithm

35.00%

—

o

E’E 30.00%

&)

‘S 25.00%

0

o 20.00%

")

8 15.00%

—

—  10.00%

[«F}

fj 5.00% -
© ——— 0
0. 0.00%

120 110 100 90 80 70 60 50 40 30 20 10

CH Departure Cycle (sec)

Figure 11. Packet loss rate as a function of CH departure cycle.

Figure 12 shows the safety message packet loss rate according to the number of CM vehicles. In
the V2V environment, the experimental evaluation was conducted by changing the number of CM
vehicles forming the cluster to 10, 20, 30, 40, and 50. PBE and the proposed CH candidate algorithm
show little difference when the number of CM vehicles is relatively small, however, as the number of
CM vehicles increases, more score comparisons between the CMs occur, causing delays in selecting
the next CH and increasing the packet loss. Thus, the proposed CH candidate algorithm outperforms

PBE by up to 10%.
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. 1a.00%
o
é 12.00%
=,
= 10.00%
(0
O go0%
w0
0
O  6.00%
—
o 400%
x A . -
o 2.00% = s
o

0.00%
10 20 30 40 50

Number of CM Vehicles

Figure 12. Packet loss rate as a function of number of CM vehicles.

4.2.2. Comparison of the Number of RSU Processing Requests

We compared the number of RSU processing requests with the existing scheme to demonstrate
the superiority of the proposed scheme. PBE and other existing schemes do not consider either the
cluster or the V2I environments using RSUs, so all vehicles send duplicate safety message requests to
the RSUs. In contrast, in the proposed cluster environment scheme, vehicles only request messages
from the RSU that are not held within the cluster. In the experimental evaluation, we measured the
number of RSU processing requests in two cases: when vehicles within the RSU communication
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range request only safety messages (CRD) not in the cluster according to the proposed operation
algorithm, and when all vehicles within the communication range send safety messages to the RSU.

Figure 13 shows the number of RSU processing requests according to the probability of holding
a message within the cluster. This experiment assumed 1 cluster, with 20 vehicles and 20 safety
messages needed per vehicle, which were randomly selected. The probability of holding a safety
message within the cluster is set so that vehicles within the same cluster can hold the message with
the corresponding probability by randomly selecting messages for each vehicle. When the holding
probability within the cluster is high, the proportion of CRDs containing messages not held within
the cluster decreases. A decrease in the proportion of CRDs means that messages can be shared within
the cluster, thus reducing the number of requests made to the RSU.

—x— All Vehicles —e—CRD
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Figure 13. Number of RSU requests as a function of probability of message existing in cluster.

Figure 14 shows the reduction in duplicate messages according to the probability of holding a
message within the cluster. As the probability of processing the message within the cluster increases,
there is no need to request the message from the RSU. Hence, the proposed scheme, where vehicles
request only necessary messages, reduces the number of duplicate messages, making it much more
efficient than the existing scheme where all vehicles directly request all messages from the RSU.
Therefore, the proposed scheme produces only 12.5% of non-duplicate safety message requests
compared to the existing scheme. This means that the proposed scheme also generates only 12.5% of
RSU requests compared to the existing scheme.
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Figure 14. Duplicate messages removed as a function of probability of message existing in cluster.
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Figure 15 shows the number of RSU processing requests according to the density. This
experiment assumed 20 vehicles forming the cluster, with 20 safety messages needed per vehicle that
were randomly selected. The vehicle’s probability of holding the message within the cluster is set to
20%. The number of vehicles was varied from 20 to 200 in the experimental evaluation. As the number
of vehicles increases, the number of requests the RSU has to process also increases. At low density,
there are few messages shared between vehicles, so the number of RSU processing requests barely
differs between the proposed scheme and the existing scheme. However, as the density increases, the
number of messages that can be shared within the cluster also increases due to the messages held by
the vehicles.
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Figure 15. Number of RSU requests as a function of density of vehicles.

Figure 16 shows the reduction in duplicate messages according to density. The proposed scheme
produces only 20% of non-duplicate safety message requests compared to the existing scheme, where
all vehicles directly request messages from the RSU. This means that the proposed scheme also
generates only 20% of RSU requests compared to the existing scheme. Particularly, as the density
increases, the proposed scheme becomes more efficient than the existing scheme in terms of the
number of message requests that the RSU has to process and reducing duplicate messages.
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Figure 16. Duplicate messages removed as a function of density of vehicles.
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5. Conclusions

This paper proposed a safety message dissemination scheme considering the high mobility and
density of vehicles in urban vehicular network environments. The proposed scheme efficiently
performs message dissemination considering both V2V and V2I environments. Specifically, in the
V2V environment, the proposed scheme reduces packet loss caused by frequent cluster subscriptions
and departures through a cluster management technique. Furthermore, in V2I communication, the
proposed scheme reduces duplicate message requests and the number of RSU processing requests
through inter-cluster safety message dissemination. To demonstrate the superiority of the proposed
scheme, we conducted experimental evaluations of the cluster management technique and vehicle
request algorithm. The performance evaluation results show that the proposed scheme outperforms
the existing scheme. In future research, we plan to conduct additional performance evaluations using
simulation libraries and frameworks that can design and implement real road environments.

Author Contributions: Conceptualization, J.L., D.P., D.C., K.B,, and J.Y.; methodology, J.L. D.P., D.C., K.B., and
J.Y.; software, D.P.; validation, J.L., D.P., K.B,, and J.Y.; formal analysis, ].L., D.P.,, D.C,, KB., and ].Y.; data
curation, J.L. and D.P.; writing—original draft preparation, J.L. and D.P.; writing—review and editing, J.Y.; All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Research Foundation of Korea(NRF) grant funded by the
Korea government(MSIT). (No. 2022R1A2B5B02002456), by by the AURI(Korea Association of University,
Research institute and Industry) grant funded by the Korea Government(MSS : Ministry of SMEs and Startups).
(No. 53047889, HRD program for 2021), and by "the MSIT(Ministry of Science and ICT), Korea, under the Grand
Information Technology Research Center support program(IITP-2023-2020-0-01462) supervised by the
HITP(Institute for Information & communications Technology Planning & Evaluation).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Nitti, M,; Girau, R.; Floris, A.; Atzori, L. On adding the social dimension to the internet of vehicles:
Friendship and middleware. In Proceedings of the 2014 IEEE international black sea conference on
communications and networking (BlackSeaCom), 2014, May.

2. Alam, K. M.,; Saini, M.; El Saddik, A. Toward social internet of vehicles: Concept, architecture, and
applications. IEEE access 2015, 3, 343-357.

3. Maglaras, L. A.; Al-Bayatti, A. H.; He, Y.; Wagner, L; Janicke, H. Social internet of vehicles for smart cities.
Journal of Sensor and Actuator Networks 2016, 5(1), 3.

4. Contreras-Castillo, J.; Zeadally, S.; Guerrero-Ibafiez, J. A. Internet of vehicles: architecture, protocols, and
security. IEEE internet of things Journal 2017, 5(5), 3701-3709.

5.  Butt, T. A,; Igbal, R;; Shah, S. C; Umar, T. Social Internet of Vehicles: Architecture and enabling
technologies. Computers & Electrical Engineering 2018, 69, 68-84.

6. Din, S,; Paul, A,; Rehman, A. 5G-enabled Hierarchical architecture for software-defined intelligent
transportation system. Computer Networks 2019, 150, 81-89.

7. Raza,N.;Jabbar, S.; Han, J.; Han, K. Social vehicle-to-everything (V2X) communication model for intelligent
transportation systems based on 5G scenario. In Proceedings of the 2nd international conference on future
networks and distributed systems, 2018, June.

8.  Zualkernan, I. A.; Aloul, F.; Al Qasimi, S.; AlShamsi, A.; Al Marashda, M.; Ahli, A. Digimesh-based social
internet of vehicles (siov) for driver safety. In Proceedings of the 2018 International Symposium in Sensing
and Instrumentation in IoT Era (ISSI), 2018, September.

9.  Khan, I.; Hérri, J. Can IEEE 802.11 p and Wi-Fi coexist in the 5.9 GHz ITS band?. In Proceedings of the 2017
IEEE 18th International Symposium on A World of Wireless, Mobile and Multimedia Networks
(WoWMoM), 2017, June.

10. Griéfling, S.; Médhonen, P.; Riihijarvi, ]. Performance evaluation of IEEE 1609 WAVE and IEEE 802.11 p for
vehicular communications. In Proceedings of the 2010 second international conference on ubiquitous and
future networks (ICUEN), 2010, June

11. Klingler, F.; Dressler, F.; Sommer, C. IEEE 802.11 p unicast considered harmful. In Proceedings of the 2015
IEEE Vehicular Networking Conference (VNC), 2015, December.


https://doi.org/10.20944/preprints202304.0541.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 April 2023 doi:10.20944/preprints202304.0541.v1

20

12. Benrhaiem, W.; Hafid, A.; Sahu, P. K. Reliable emergency message dissemination scheme for urban
vehicular networks. IEEE Transactions on Intelligent Transportation Systems 2019, 21(3), 1154-1166.

13.  Ali, M,; Malik, A. W.; Rahman, A. U,; Igbal, S.; Hamayun, M. M. Position-based emergency message
dissemination for Internet of vehicles. International Journal of Distributed Sensor Networks 2019, 15(7),
1550147719861585.

14. Ko, B, Liu, K;; Son, S. H.; Park, K. J. RSU-assisted adaptive scheduling for vehicle-to-vehicle data sharing
in bidirectional road scenarios. IEEE Transactions on Intelligent Transportation Systems 2020, 22(2), 977-989.

15. Ali, G. M. N,; Chong, P. H. J.; Samantha, S. K.; Chan, E. Efficient data dissemination in cooperative multi-
RSU vehicular ad hoc networks (VANETS). Journal of Systems and Software 2016, 117, 508-527.

16. Hu, B; Fang, L.; Cheng, X.; Yang, L. In-Vehicle caching (IV-Cache) via dynamic distributed storage relay
(D?SR) in vehicular networks. IEEE Transactions on Vehicular Technology 2018, 68(1), 843-855.

17. Fang, S.; Khan, Z.; Fan, P. A cooperative RSU caching policy for vehicular content delivery networks in
two-way road with a T-junction. In Proceedings of the 2020 IEEE 91st Vehicular Technology Conference
(VTC2020-Spring), 2020, May.

18. Vijayakumar, V.; Joseph, K. S. Adaptive load balancing schema for efficient data dissemination in Vehicular
Ad-Hoc Network VANET. Alexandria Engineering Journal 2019, 58(4), 1157-1166.

19. Pyun, D. W, Lim, ]. T.; Bok, K. S.; Yoo, J. S. Data Dissemination Strategies Considering Data Characteristics
in Social Internet of Vehicles Environments. In Proceedings of the International Conference of Convergence
Contents, 2020, November.

20. Pessoa, G.; Guardalben, L.; Luis, M.; Senna, C.; Sargento, S. Evaluation of content dissemination strategies
in urban vehicular networks. Information 2020, 11(3), 163.

21. Ning, Z.; Huang, J.; Wang, X.; Rodrigues, J. J.; Guo, L. Mobile edge computing-enabled Internet of vehicles:
Toward energy-efficient scheduling. IEEE Network 2019, 33(5), 198-205.

22. Sethi, V.; Pal, S.; Vyas, A. Online energy-efficient scheduling algorithm for renewable energy-powered
roadside units in VANETSs. In Proceedings of the 2020 IEEE 17th International Conference on Mobile Ad
Hoc and Sensor Systems (MASS), 2020, December.

23. Tang, C.; Zhu, C.; Wei, X.; Chen, W.; Rodrigues, J. ]. RSU-empowered resource pooling for task scheduling
in vehicular fog computing. In Proceedings of the 2020 International Wireless Communications and Mobile
Computing (IWCMC), 2020, June.

24. Pal, R,; Prakash, A.; Tripathi, R.; Naik, K. Scheduling algorithm based on preemptive priority and hybrid
data structure for cognitive radio technology with vehicular ad hoc network. IET Communications 2019,
13(20), 3443-3451.

25. Ullah, A.; Yaqoob, S.; Imran, M.; Ning, H. Emergency message dissemination schemes based on congestion
avoidance in VANET and vehicular FoG computing. IEEE Access 2018, 7, 1570-1585.

26. Pal, R.; Prakash, A.; Tripathi, R.; Naik, K. Scheduling algorithm based on preemptive priority and hybrid
data structure for cognitive radio technology with vehicular ad hoc network. IET Communications 2019,
13(20), 3443-3451.

27. Bok, K,; Hong, S.; Cha, J.; Lim, J.; Yoo, ]. Cooperative RSU Scheduling for Efficient Data Dissemination in
VANET Environments. Journal of Korea Contents Association 2013, 13(10), 27-36.

28. C-ITS, Available online: https://www.c-its kr/introduction/service.do (accessed on 14 April 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202304.0541.v1

