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Abstract—Data dissemination in Internet of Vehicles (IoVs) is
attracting more and more attention. However, few efforts have been
made on mixed data dissemination in urban scenario. The rigid
Quality of Service (QoS) requirements of Emergency Messages
(EMs), the varied QoS tolerant degrees of Service Messages (SMs),
and the complex transmission environment in urban scenario pose
great challenges. In this paper, a Cluster-based Vehicle-to-Vehicle
(V2V) approach for Mixed Data Dissemination (CMDD) is pro-
posed to tackle the aforementioned challenges in urban scenario
of IoVs. The proposed approach consists of two main algorithms:
the bus-based clustering and the mixed data scheduling. To deal
with the complex and harsh transmission environment in urban
scenario, we propose to use buses, which have fixed driving routes
and schedules as well as sufficient resources, to act as cluster
heads. Meanwhile, multiple characteristics are deeply analyzed and
artfully utilized in the design of the clustering algorithm, to achieve
efficient data dissemination from buses to ordinary vehicles. To
meet the rigid and personalized QoS requirements of EMs/SMs
under stringent resources, a new priority calculation method is
proposed and mixed data are scheduled accordingly. Simulation
results show that the proposed approach achieves remarkable per-
formance advantage in terms of data download delay, emergency
warning ratio and service response ratio.

Index Terms—Internet of vehicles, mixed data dissemination,
clustering, bus-based, intersections.

I. INTRODUCTION

W ITH the continuous development of vehicular technolo-
gies, wireless communications [1], sensor networks and

Big Data technologies [2], vehicles are becoming more intel-
ligent and autonomous than ever before [3]. The concept of
Internet of Vehicles (IoVs) is born to support the realization
of a future Intelligent Transportation System (ITS), in which
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seamless interconnections between vehicles, pedestrians, road-
side infrastructures and other transportation components can be
realized. Appealing applications and services, such as accident
alert [4], cooperative collision avoidance [5], road condition
information [6], entertainment services [7] and so on, can be
deployed and provided effectively in ITS. For this reason, IoVs
have attracted more and more attentions in the aim of improving
traffic efficiency and guaranteeing traffic safety.

However, great challenges are faced when transmitting data
in IoVs. The fast-moving vehicles introduce unstable com-
munications links and dynamically changing topologies, thus
greatly harming the data transmission performance and hinder
the development of IoVs. In IoVs, a vehicle can communi-
cate and exchange data packets with other vehicles through
on-board units(OBUs) deployed on the vehicles (Vehicle-to-
Vehicle, V2V), or with roadside infrastructures (Vehicle-to-
Infrastructure, V2I), such as RoadSide Units (RSUs). However,
the high cost for the deployment and maintenance of RSUs pre-
vents its pervasive deployment and thus limiting its availability
and effectiveness. On the contrary, V2V communications can
be easily deployed with low cost, and it is suitable for real-time
information interaction between vehicles.

Compared with the highway scenario of IoVs, the urban
scenario of IoVs has more complex transportation and commu-
nications environments. There are plenty of buses on the roads
in urban environment, which have regular traffic characteris-
tics and sufficient computation and communications resources.
Meanwhile, numerous vehicles run in the urban environment
with arbitarily changing routes. For urban scenario of IoVs, it
is natural to use V2V communications as the main way for data
dissemination. For one thing, the routes of vehicles in urban area
are irregular and complex, making it practically and financially
impossible to implement enough RSUs to cover all areas. For
another, given the presence of buses in the network, it will be a
great waste not utilizing the easily accessible resources of buses.

The data transmitted in IoVs can be classified into two types.
One is Emergency Messages (EMs) which are related to safety
services, such as accident alert and road condition information.
The other is Service Messages (SMs) which are related to non-
safety services, such as entertainment service and information
query. A great number of efforts have been put on the design
of satisfying transmission strategies for pure EMs or SMs in
IoVs, whereas little work has been done for transmitting EMs
and SMs together. Unfortunately, the nature of IoVs requires
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transmitting EMs and SMs together in a reliable and efficient
way, since this transmission scene corresponds to practical needs
and regulations on IoV applications.

As a result, it is of vital importance to realize reliable and
efficient, V2V-based, mixed EMs and SMs transmission for
IoVs, especially in the urban scenario. The key issues that must
be solved are as follows. First, since the travel routes and times
of different vehicles are arbitrary, how to establish and maintain
quality channels between vehicles is essential in the design of
V2V-based strategies. Second, the communications and compu-
tation capabilities of vehicles are limited, as well as their storage
and power resources. Therefore, how to guarantee that vehicles
can accomplish the corresponding data transmissions with lim-
ited resources is a challening problem. Third, due to the above
mentioned reasons, it is already hard to achieve successful SMs
or EMs transmission solely in urban scenario. It is even harder to
transmit SMs and EMs together. The fundamental is that the need
for transmitting EMs usually comes from an emergency such as
traffic accidents, which cannot be predicted. Meanwhile, EMs’
transmission needs more stringent performance than SMs, to
alert vehicles nearby about the emergency as fast as possible so
that proper actions can be taken. As a result, how to efficiently
schedule EMs and SMs together to realize timely alert and
notification of emergencies, and meet the usual service needs
of vehicles at the same time, is the most vital issue.

To address the above problems, this paper is dedicated to
studying the V2V-based mixed EMs and SMs transmission in
an urban environment for IoVs. The main contributions of this
paper can be summarized as follows:

1) To overcome the transmission challenges brought in by
the fact that vehicles travel arbitrarily and are subject to
limited resources, the characteristics of vehicular com-
munications in urban scenario are studied thoroughly and
a bus-based clustering algorithm is designed. Multiple
characteristics, such as path similarity, link reliability,
average relative velocity, average relative distance, etc.,
have been deeply analyzed and artfully utilized in the
design of the clustering algorithm. Efficient and reliable
data dissemination from buses to ordinary vehicles is
accomplished with this algorithm.

2) To efficiently solve the problems resulting from the com-
plex mixed EMs and SMs transmission, the important
factors affecting the transmission performance of EMs
and SMs are analyzed comprehensively, and a tailored
scheduling algorithm is proposed. The algorithm focuses
on the timeliness characteristics of both EMs and SMs
by exploring the implicit time constraints of safety and
non-safety applications in IoVs. Moreover, various factors
such as data popularity, link reliability and distance, are
analyzed and smartly integrated in the algorithm. Corre-
spondingly, both EMs and SMs transmissions can be deliv-
ered with satisfying QoS for the considered applications.

The rest of this paper is organized as follows: Section II
reviews related works. Section III introduces the system model.
Section IV explains the proposed approach in detail. Section V
provides extensive simulation results and evaluates the proposed
scheme. Finally, Section VI concludes this paper.

II. RELATED WORKS

A. Cluster-Based Data Dissemination for IoVs
in Urban Scenario

To improve the efficiency of V2V-based data transmission,
the authors in [8] proposed an efficient clustering algorithm
based on particle swarm optimization in Vehicular Ad Hoc
Networks (VANETs). In [9], a clustering based data propagation
protocol was proposed, where the most reliable vehicle was
selected as the cluster head. To solve the problem of short service
connection time under fast vehicle movement, the authors in [10]
proposed a new data transmission optimization strategy under
Vehicular Cyber-Physical Systems (VCPS) based on random
alliance game. The authors in [11] proposed a 5G architecture to
deal with the problems of frequent topology change and overlong
transmission delay in VANETs, where all vehicles in the area
were grouped into clusters using an Adaptive Motion-Aware
Path Similarity (A-MAPS) algorithm. To establish reliable V2V
communications, a Bayesian Rules Fuzzy Logic (BRFL) based
algorithm was introduced to determine the best V2V forwarding
node, which can achieve better performance in packet transmis-
sion rate and transmission delay, compared with previous works.

In summary, the existing work often focus on improving the
transmission reliability and efficiency through designing better
clustering algorithms, which select cluster heads or members
with more appropriate and intelligent methods. However, in
doing so these schemes increase the overhead and complexity of
clustering, posing big challenges to the tough V2V transmission
environment. Meanwhile, the high dynamic mobility of ordinary
vehicles can lead to frequent re-clustering and decreasing cluster
stability, thus degrading the overall performance.

B. EMs/SMs Dissemination in IoVs

1) EMs Dissemination: Safety is the core of IoVs and it relies
heavily on the reliability and efficiency of EMs dissemination.
In [12], the authors proposed a reliable transmission mechanism
based on road layout information according to the characteristics
of the intersection area, which solved the problem of EMs
transmission failure in a certain direction caused by obstacles.
The authors in [13] proposed an EMs communications scheme,
which determines the region of interest according to the informa-
tion contained in EMs. To ensure the transmissions of vehicles
that have the maximum number of EMs, the authors in [14] pro-
posed an effective emergency information transmission scheme,
which selected the appropriate relay vehicles according to the
mobility index of vehicle nodes and link reliability. In [15], the
authors proposed a link quality-based scheme for urban VANET
safety information transmission, which estimated the connectiv-
ity between vehicles based on the physical channel connectivity
calculation method. In order to increase EMs propagation reli-
ability and reduce packet loss rate, the authors in [16] proposed
a RBEM/CBEM handshake mechanism to enhance broadcast
performance, which showed good feasibility and effectiveness
in EMs transmission process. The authors in [17] proposed
a two-way cooperative transmission strategy for transmitting
accident video EMs in the highway scenario of IoVs. Vehicles
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in the same direction of accident vehicle are formed into clusters
and communicate within clusters, while vehicles in the opposite
direction select relay vehicles to help spreading video fast and
reliably.

2) SMs Dissemination: Traffic efficiency and travel comfort
are also the goals of IoVs, which depend on the successful
transmission of SMs. In [18], a bus track based advertisement
publishing scheme was proposed, where the interference and
data conflict in the process of advertisement transmission were
avoided by using public transport and private vehicles. The
authors in [19] used fuzzy logic to calculate the ability of vehicles
to act as relay vehicles in RSUs’ communication range, and
determined the proportion of selected relay vehicles according
to vehicle density. In [20], the authors proposed a cooperative
data distribution algorithm based on multi-hop relay in IoV
environments, which uses Device-to-Device (D2D) communi-
cations [21] to achieve flexible terminal communication between
vehicles, and adaptively selects the optimal relay, route and
transmission hops according to link quality.The authors in [22]
proposed a model based V2V communications strategy, taking
into account the real-time registration and exchange of travel
time between vehicles. A bidirectional broadcast protocol was
proposed in [23], which made a trade-off between broadcast
reliability and coverage capability, and effectively improved the
end-to-end delay.

3) Mixed Data Dissemination: As analyzed in Section I, the
most common and practical data transmission scene in IoVs
is that SMs and EMs are mixed and both have specific QoS
requirements. There are few exploratory researches aiming at
this direction.

The authors in [24] proposed two open-loop congestion con-
trol strategies, including DySch and TaSch strategies. Static and
dynamic factors are calculated according to the information
content and vehicle conditions respectively. Each message is
assigned a priority and dynamic scheduling is carried out ac-
cording to the priority. The authors in [25] proposed a scheduling
strategy, which schedules messages according to their expiration
date, size, static factors (message content) and vehicle speed.
The authors of [26] proposed an Adaptive Priority data service
Scheduling (AdPS) algorithm, which employs fuzzy logic for
deadline estimation and priority ordering.

In summary, the existing work usually focuses on improving
the transmission delay and reliability of EMs or SMs dissemi-
nation via carefully considering the characteristics of network
and vehicles mobility, as well as analyzing the specific per-
formance requirements of different types of data. However,
these solutions are not suitable for mixed data dissemination in
complex urban environment. First, most of the existing schemes
rely on establishing clusters or selecting proper relay nodes to
enhance the transmission performance of single type message
(pure EMs or SMs). However, the establishment of clusters or
the selection of relay vehicles are usually stimulated by the
occurrence of emergency accident or the generation of service
need. Therefore, extra delay brought by the process of clustering
and relay selection is unavoidable. Second, due to the com-
plex road environment, dense vehicles, limited communications
resources and harsh link conditions in urban scenario, most

of the current solutions lay particular emphasis on some part
of the influencing factors and are not well applicable to solve
the above problems in urban environment. Third, most of the
existing works consider EMs and SMs transmission separately
and thus are not suitable for practical applications in real urban
environment. Although there are some works that have made
attempts to transmit EMs and SMs simultaneously, they only
focused on the design of scheduling algorithms which transfer
messages in the light of priorities that are calculated according
to several parameters. The lack of exploiting the implicit char-
acteristics and the inherent QoS requirements of mixed EMs
and SMs transmission limits their performance, keeping them
from providing satisfactory QoS and becoming applicable to
practical applications.

In view of this, we propose a cluster-based V2V approach
for mixed data dissemination in urban scenario of IoVs. The
network characteristics, vehicle movement properties, as well as
the complex urban environment, are deeply analyzed. To resolve
the problem of extra delay brought by the clustering process in
previous works, a bus-based clustering algorithm is designed in
which clusters are formed in advance. The Cluster Heads (CHs)
are responsible for responding the non-safety service requests of
Cluster Members (CMs) in normal times, and also for spreading
out the emergency messages as soon as possible when necessary.
To achieve fast emergency alert, while keeping acceptable QoS
for SMs transmissions, the implicit and inherent characteristics
of mixed data dissemination are thoroughly analyzed. The in-
teractions between EMs and SMs transmissions are given full
consideration and their specific QoS requirements are respected.
The optimization of mixed data dissemination is accomplished
through integrating the time constraints of EMs and SMs into
the scheduling process.

III. SYSTEM MODEL

In this paper, we focus on the V2V based mixed data dis-
semination in urban scenario of IoVs. The traffic situation at
the intersections are typical and representative, thus, we select
the intersection model to launch our study. The system model
is illustrated in Fig. 1. The considered scenario is a typical
urban area with gridded roads and multiple intersections. Each
avenue in this area has two-way multiple lanes and dense traffic.
Vehicles and buses are randomly distributed in the Range Of
Interested (ROI).

It is assumed that each vehicle is equipped with an on-board
unit, through which vehicles can communicate with each other
within a range. Moreover, each vehicle is equipped with Global
Positioning System (GPS) and multiple sensors to collect in-
formation such as real-time positions, speeds, surrounding road
conditions of adjacent vehicles. These information are period-
ically exchanged between vehicles. Each vehicle works in half
duplex mode, thus it cannot sends and receives data at the same
time.

The mobility model used in this work is the full velocity
difference model for car following [27]. Each vehicle is assigned
a random speed according to a uniform distribution at the begin-
ning, and overtaking is not allowed. Furthermore, each vehicle
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Fig. 1. V2V-based mixed EMs/SMs data dissemination in urban scenario of
IoVs.

must keep a safe distance from the previous one, and proper
actions (acceleration/deceleration) need to be taken to restore
this distance once the safe distance is violated.

Under ordinary conditions, vehicles and buses can smartly
form clusters and accomplish data services for specific appli-
cations, which is known as SMs transmission. For example,
vehicle cj wants to determine the best restaurant within 1 km
and it sends out a query packet to the CH it connects with. After
receiving the query packet, the CH will respond cj the wanted
information according to certain data scheduling policy. How-
ever, emergency events often occur and force immediate actions
upon them. As shown in Fig. 1, two vehicles collide in the center
of the ROI, and it is important to timely alert vehicles that are
running toward this area about this emergency. If the emergency
warnings fail to be delivered successfully to vehicles in the ROI
within certain time constraints, such kind of accident may result
in a series of troubles, such as rear-ended accidents, congestion
and chaos. At the moment this accident occurs, the accident
vehicles will generate an accident warning message, denoted as
EM, to multicast and notify other vehicles about this emergency.
Obviously, the vehicles in the ROI hope to be alerted by the EM
as soon as possible so that they can have enough time to make
the most appropriate actions. However, it is impossible to realize
this goal without a highly efficient and reliable transmission
mechanism. Meanwhile, the unfinished SMs data transmission
still need to be taken care, despite the occurrence of the accident.
In other words, upon the accident, it is urgent to alert cj about
the accident, while its restaurant query should also be responded
before it runs too far away. The feasibility of IoVs in such sce-
nario depends heavily on the transmission performance of both
EMs and SMs.

IV. THE CLUSTER-BASED MIXED DATA DISSEMINATION IN

URBAN SCENARIO OF IOVS

To satisfy mixed EMs and SMs transmissions, we propose
a Cluster-based Mixed Data Dissemination (CMDD) approach.

TABLE I
NOTATIONS OF SYMBOLS

The approach consists of two main strategies, namely the bus-
based clustering algorithm and the mixed data scheduling algo-
rithm. These two strategies work closely and complement each
other. In the following, we introduce the approach in detail. The
notations of symbols used in this paper are listed in Table I.

A. Bus-Based Clustering

In this work, we propose to use appropriate buses as cluster
heads. Meanwhile, ordinary vehicles are promoted to choose
the most suitable clusters to join in as their cluster members. As
buses have regular routes and sufficient resources, the proposed
algorithm can not only forms clusters before the need to transmit
EMs arises, but also provides stable and uninterrupted channel
conditions for achieving reliable V2V communications. The
proposed algorithm considers the mobility characteristics of
vehicles, communications characteristics, as well as network
properties, to select the most appropriate buses as CHs.

1) Vehicle Mobility Indicators: The distance between two
vehicles is an important index to evaluate the communications
success ratio. The closer the distance, the higher the probability
that the communications can be successfully completed. Be-
sides, it is known that when two vehicles move at close velocities,
relative stable channel condition can be achieved between them
which is conducive to transmission reliability. Denote the ith
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bus as bi, the jth ordinary vehicle cj . Then, the distance between
them can be expressed as follows:

dij =
√

(xi − xj)2 + (yi − yj)2. (1)

Denote the set of neighboring nodes of bi as Ni, the aver-
age relative distance from bi to its neighboring nodes can be
calculated as follows:

Δdi =

∑
j∈Ni

dij

|Ni| . (2)

Similarly, the average relative speed of bi and its neighboring
nodes can be expressed as follows:

Δvi =

∑
j∈Ni

|vi − vj |
|Ni| , (3)

where vi and vj are the velocities of bi and cj , respectively.
2) Path Similarity: Path similarity is defined as the routes

overlap degree between two vehicles. Obviously, forming vehi-
cles with similar routes into one cluster is beneficial to cluster
stability, thus mitigating the unpleasant performance degrada-
tion caused by frequent cluster update and maintenance. Assume
that each vehicle is aware of its route to the destinations, under
the support of navigation system on board. The route of a vehicle
can be encoded based on the action taken by the vehicle in each
intersection in the route, according to the following rules:1

0: the vehicle keeps going straight;
1: the vehicle turns left and keeps going straight;
2: the vehicle turns right and keeps going straight;
In doing so, the route is encoded as a sequence number, and it

is further converted into binary codes one by one. The converted
binary codes are then XORed to calculate the similarity. Here
we give an example to explain how the path similarity is calcu-
lated.Take Car1 and Bus1 in Fig. 1 as an example. The starting
points of Car1 and Bus1 are denoted as green blocks, and their
destinations are painted in purple in Fig. 1. Car1 wants to get
to the place located in the right bottom corner in Fig. 1, and it
makes a routing plan in advance, which is encoded as “0102”.
Each number of this code indicates the exact action that Car1
will take when encountering an intersection. Thus, the specific
route Car1 will travel according to the code can be interpreted
as follows: Car1 firstly keeps running straight until entering the
first intersection, it then turns on the left and keeps going, and
at the second intersection, it keeps going straight. Car1 turns
on the right at the third intersection and it finally arrives at its
destination. Similarly, we can get the route code for Bus1 as
“102”. After that, the route code is converted into binary code.
For the route code of Car1, its path code is “00010010,” and
the path code of Bus1 is “010010”. The path similarity between
Car1 and Bus1 is then calculated as follows.

Firstly, the path codes are left aligned and the redundant bits
are counted and removed. For the given example, the redundant
bits are the last 2 bits in the path code of Car1, and they are
counted and removed from the code. Then, the updated path

1If a vehicle turns around at an intersection, this intersection will be considered
as its destination and the updated route will be encoded.

code of Car1 is “000100,” and it is XORed with the path code
of Bus1, the result is “010110”. The number of “1” in the result
is counted. Finally, the counted numbers are added and the sum
is an indicator to describe the differences between two vehicles’
paths. In this example, the length difference between the binary
codes is counted as “2,” and the number of “1” in the XORed
result is counted as 3. Then the path difference between Bus1
and Car1 can be calculated to be ps11 = 2 + 3 = 5.

Similarly, we can get the path difference between bus bi
and each of its neighboring vehicles. Then, the average path
similarity between bi and its neighboring vehicles is calculated
as:

Δoi = 1 −
∑|Ni|

j=1 psij

|Ni| · Li
, (4)

where Li is the length of the converted binary code of bus bi’s
path.

3) Link Reliability: Due to the high mobility and the fact that
a large number of reflective objects exist in urban environment,
the communications between vehicles are probabilistic and the
radio intensity changes with time in certain distances. In real
wireless environment test, Nakagami-m distribution provides
better matching degree with practical environment [28], thus we
consider Nakagami-m distribution to describe the fast-fading
vehicular channels. The successful probability of transmitting a
message from bi to cj is [29]:

pi = 1 − Fd (RT,m,ϕ) = e
−mRT

ϕ

∑m
i=1

( −mRT
ϕ )

i−1

(i−1)! , (5)

where Fd(RT,m,ϕ) represents the Cumulative Distribution
Function (CDF) when the received signal power is smaller than
RT ,RT is the signal receiving threshold,ϕ is the average power
of the received signal, and m is the fading parameter which is a
function of the distance between vehicles. They can be expressed
respectively as follows:

RT =
PT

R2
· GtGrγ

2

16π2L
, (6)

ϕ =
PT

(dij)2
· GtGrγ

2

16π2L
, (7)

m =

⎧⎨
⎩

1, dij ≥ 150m
1.5, 50m ≤ dij < 150m
3, dij < 50m

, (8)

where PT is the transmission power, Gt and Gr are the antenna
gains of transmitter and receiver, and γ and L denote the wave-
length and path loss, respectively.

The accessible communications time between bi and cj is
another parameter to describe the link reliability. Denote the
relative acceleration and velocity between bi and cj at time t as
Δaij(t) = ai(t)− aj(t), Δvij(t) = vi(t)− vj(t). The acces-
sible communications time can be calculated differently in three
cases.

Case 1: Δvij(t) = 0, and Δaij(t) = 0. This is the simplest
case when bi and cj keep running at the same speed and acceler-
ation. As a result, the accessible communications time between
them is infinite.
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Fig. 2. The calculation of accessible communications time between bi and cj .

Case 2: Δvij(t) �= 0, and Δaij(t) = 0. This means that bi
and cj run with constant accelerations. In this case, according to
Fig. 2, when the distance between bi and cj reaches R, we have:

Δvij
(
tconnectij

) · T connect
ij + dij

(
tconnectij

) · cos θij (tconnectij

)
= R · cos θij

(
tdisconnectij

)
. (9)

where Δvij(t
connect
ij ) denotes the relative velocity between bus

bi and vehicle cj when they establish a communication link
between them. dij(tconnectij ) stands for the distance between bi
and cj at time tconnectij , and θij(t

connect
ij ) and θij(t

disconnect
ij )

represent the directional angles between bi and cj when they start
to communicate and when they disconnect the link, respectively.
Therefore,

T connect
ij =

R · cos θij
(
tdisconnectij

)− dij
(
tconnectij

) · cos θij (tconnectij

)
Δvij

(
tconnectij

) .

(10)
Case 3: Δvij(t) �= 0, and Δaij(t) �= 0. This is the most

general case in practical scenario. bi and cj run with different
initial speeds and varied accelerations.

Given the mobility model, the optimal velocity for cj at
time t is: voptj (t) = vmax

2 [tanh(ΔSj(t)− Ssafe) + tanh(Ssafe)],

and the acceleration of cj at time t is: aj(t) = k(voptj (t)−
vj(t)) + ε ·Δvj(t), where vmax, Ssafe, ΔSj(t), Δvj(t) are the
maximum allowable velocity, the minimum safe car-following
distance, the distance between cj and its previous vehicle at time
t and the velocity difference between cj and its previous vehicle
at time t, respectively, k is the driver reaction coefficient and ε is
the sensitivity coefficient. Therefore, the driving distance of cj

in the following time slot [t, t+ τ ] can be calculated as follows:

Sj(t+ τ) = Sj(t) + vj(t) · τ + 0.5 · aj(t) · τ 2, (11)

and the driving distance of bi in time slot [t, t+ τ ] can be
calculated the same as that in equation (11).

As shown in Fig. 2, denote the distance between bi and cj at
time t0 as dij(t0), the directional angle of bi and cj as θij(t0),
the distance between bi and cj at time t0 + τ can be calculated
as follows:

dij (t0 + τ)

=
Si (t0 + τ)− Sj (t0 + τ) + dij(t0) · cos θij(t0)

cos θij (t0 + τ)
. (12)

Define the indicator functionblue Iij as follows:

Iij =

{
1, bi runs in front of cj
−1, else

. (13)

When the distance between bi and cj becomes longer than the
communications radius R, the link disconnects and we have:

Si (t0 + τ)− Sj (t0 + τ) + dij(t0) · cos θij(t0)

= R · Iij · cos θij (t0 + τ) . (14)

Denote the time when bi and cj start to communicate as tconnectij ,
and the time when they disconnect is denoted as tdisconnectij .
Thus, the time period from tconnectij to tdisconnectij is the to-
tal time that bi and cj communicate with each other, which
can be denoted as T connect

ij . The distance that bus bi can

drive in the time period T connect
ij is calculated as S

T connect
ij

i =∫ tdisconnect
ij

tconnect
ij

vi(t)dt, then we have:

S
T connect
ij

i −S
T connect
ij

j =0.5Δaij(T
connect
ij )2+Δvij(T

connect
ij ),

(15)
whereT connect

ij = tdisconnectij − tconnectij . Further, if bi is in front
of cj , then:

S
T connect
ij

i − S
T connect
ij

j + dij
(
tconnectij

) · cos θij(tconnectij )

= R · cos θij
(
tdisconnectij

)
, (16)

and if bi is behind cj ,

S
T connect
ij

i − S
T connect
ij

j + dij
(
tconnectij

) · cos θij (tconnectij

)
= −R · cos θij

(
tdisconnectij

)
. (17)

Applying formula (15), (16) and (17) simultaneously, we
have formula (18) shown at the bottom of this page, where

T connect
ij =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

−Δvij(tconnect
ij )±

√
(Δvij(tconnect

ij )
2
+2Δaij(tconnect

ij )((R·cos θij(tdisconnect
ij )−dij(tconnect

ij )·cos θij(tconnect
ij ))

Δaij(tconnect
ij )

,

xbi > xcjat time tconnectij

−Δvij(t
connect
ij )±

√
(Δvij(tconnect

ij )
2−2Δaij(tconnect

ij )((R·cos θij(tdisconnect
ij )+dij(tconnect

ij )·cos θij(tconnect
ij ))

Δaij(tconnect
ij )

,

xbi < xcjat time tconnectij

(18)
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θij(t
connect
ij + T connect

ij ) = θij(t
disconnect
ij ) represents the di-

rectional angle between bi and cj at time tdisconnectij (the moment
when bi and cj disconnects).

Assume that vehicles are not allowed to change lanes during
the driving period, thus the vertical distance between bi and cj
is a constant. Then, we have:

Δyij
(
tconnectij

)
= Δyij

(
tdisconnectij

)
,

θij
(
tdisconnectij

)
= arcsin

(
Δyij

(
tdisconnectij

)
R

)

= arcsin

(
Δyij

(
tconnectij

)
R

)
.

(19)

Therefore, for any bus Bi with its neighboring vehicles, the
average link reliability is calculated as:

Δli =

∑
j∈Ni

(pi · T connect
ij )

|Ni| . (20)

The average link reliability is a good indicator for describing
the fast-fading vehicular channels between bus bi and its neigh-
boring vehicles. A big Δli refers to a reliable channel and a
small one indicates a bad channel where packet loss happens
frequently. Meanwhile, the average relative distance and the
average relative velocity between bi and its neighboring vehicles
are important parameters to reflect the transmission reliability
of the V2V connections among bi and its neighboring vehicles.
It is commonly known that stable channels can be established
between vehicles with small average relative distance and low
average relative velocity. Moreover, to improve the cluster sta-
bility so that clustering cost can be reduced, it is favored to
select a bus that has the most similar path with its neighboring
vehicles as CH. In summary, the proposed algorithm takes the
transmission reliability, the cluster stability and the multicast
gain (the number of neighboring vehicles) into the consideration
of selecting the most suitable bus as the CH. The suitability of
bus bi for working as a cluster head is formulated as its utility,
which can be calculated as follows:

ui =
|Ni| ·Δoi ·Δli

Δdi ·Δvi
. (21)

To achieve efficient and reliable data dissemination between
a cluster head and it’s members, it is preferred to choose a bus
that has a large number of neighboring vehicles which shares
same path, and has stable link conditions with its neighboring
nodes, to be the CH. Meanwhile, it is favored that the bus and its
neighboring vehicles move at similar speeds and closely with
each other. If there exists many buses in a small area (with
overlapped communications coverage), the suitability of each
bus will be calculated according to formula (21), a bus with the
largest suitability value is then selected as the cluster head, and
all ordinary vehicles that have connections to the CH become
the cluster members.

After the primary clustering process, if there are some vehicles
that fail to join in any cluster (no bus can be connected with), a
secondary clustering process will be executed. For any vehicle

cj which has no bus to connect with, its capability to work as a
CH can be calculated as follows:

uj =
|Nj | · dj

vj
, (22)

where dj denotes the distance between cj’s current location and
the intersection (the accident spot). The vehicle with the largest
u is selected as the CH, and its neighboring vehicles become
members accordingly.

Once forming a cluster, CH will periodically multicast the
Cluster Head Announcement (CHA) to its neighboring vehicles,
and the vehicles which are running within its coverage will
send back an acknowledgement message upon receiving the
CHA packet, including their IDs, instant speeds, locations, etc.
CH then checks the received acknowledgement packets, and
updates the CM vehicles’ attributes accordingly. Moreover, if
an acknowledgement packet is sent by a vehicle that is not a CM
yet, CH will recalculates its utility according to formula (21), and
sends the updated utility value to this vehicle, to invite it to join in
the cluster. Upon receiving the invitations (a vehicle can receive
multiple invitations from multiple cluster’s heads nearby), the
vehicle compares their utilities and chooses the cluster with the
largest utility to join in. Meanwhile, if a CH does not receive a
CM’s acknowledgement packet after the CHA is multicasted, it
will consider the CM as a failure node and remove it from the
CM list. The pseudocode of the proposed bus-based clustering
algorithm is shown in Algorithm 1.

The utility update of bus bi requires to calculate the path
similarity, link reliability, relative distance and relative velocity
between bi and each of its neighboring vehicle. The complexity
is of the order O(N) and N is the number of ordinary vehicles.
Meanwhile, a vehicle cj compares the updated utility value of
bi with other buses’ utility values, which consumes time of the
order O(M logM), where M is the number of buses. As a result,
the complexity of Algorithm 1 is of the order O(M logM).

B. Mixed Data Scheduling

For the urban IoVs environment, vehicles can request specific
data items anytime anywhere to get comfort and fun driving
experience. Normally, a CH will respond to the requests from
its CMs efficiently with specially designed purposes. However,
if there is an emergency accident occurs in the network, every
vehicle in the ROI should be alerted as fast as possible. There-
fore, the dissemination of the EM alert becomes the first priority
that may interrupt the execution of SM response process. Hence,
the design of a smart algorithm that can handle mixed EM/SMs
dissemination is very important.

The core of the EM dissemination process lies in the fact that
the emergency alert message should be transmitted successfully
to any vehicle before it arrives at the accident spot. In other
words, there is a strict time constraint on the EM delivery delay
for each related vehicle in the ROI. The valid time period of the
EM message for a vehicle cj , denoted as T valid

j , is estimated as
the time period that cj takes to drive from the current location
to the accident spot.
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Algorithm 1: Bus-Based Clustering Algorithm.
input: ROI, N vehicles, M buses
output: Clusters
1: for each bus in the ROI do
2: for each time slot do
3: A bus bi broadcasts a CHA message;
4: for vehicles within bi’s communication radius do
5: if A vehicle cj receives the CHA message then
6: cj responses bi with an acknowledgement

message;
7: end if
8: end for
9: for each received acknowledgement message do

10: if the sending vehicle cj is not on the neighboring
nodes list of bi then

11: bi calculates it’s utility value according to
formula (21) and broadcasts the updated utility;

12: cj receives the update utility and compares it
with other buses’ utility values;

13: if bi’s utility value is the greatest then
14: cj recognizes bi as the CH and joins in the

cluster;
15: end if
16: end if
17: end for
18: for all received acknowledgement messages do
19: bi checks if all member vehicles have responded;
20: if a member vehicle ck fails to send the ACK

message then
21: bi removes ck from the cluster and updates it’s

neighboring nodes list;
22: end if
23: end for
24: end for
25: end for

Given the vehicular mobility model and the network model,
the time period for a vehicle to drive from location A to location
B can be estimated as follows. Firstly, the motion of a vehicle in a
very small time step τ is considered as an uniformly accelerated
motion.Then, we have:

dA,B
j =

C∑
n=0

[
vj (n · τ) · τ + 0.5 · aj (n · τ) · τ 2

]
, (23)

whereC is the counts of time steps that cj will consume to arrive
at the spot. On the other hand, we have:

vj (C · τ) = vj ((C − 1) · τ) + aj ((C − 1) · τ) · τ,
vj ((C − 1) · τ) = vj ((C − 2) · τ) + aj ((C − 2) · τ) · τ ,

...

vj (2 · τ) = vj (1 · τ) + aj (1 · τ) · τ ,
vj (1 · τ) = vj(0) + aj(0) · τ ,
vj(0) = vj(0). (24)

therefore, vj(n · τ) = vj(0) +
∑C−1

n=0 aj(n · τ) · τ . Then, we
have:

dA,B
j =

C∑
n=0

{[
vj(0) +

C−1∑
n=0

aj (n · τ)
)

· τ
]
· τ

+ 0.5 · aj(n · τ) · τ 2)

}
. (25)

When an accident happens on the intersection, the moving
speeds of all vehicles in the ROI decrease gradully and the
vehicles stop moving finally in most cases. The acceleration of
each vehicle in each time slot also decreases slowly. Moreover,
in view of the fact that each vehicle during this period is
driving on an uniformly accelerated motion, the value of cj’s
acceleration in the following C time slots can be approximated
as its acceleration in the current time slot t0. Then, we have:

aj(t0) = aj(t0 + 1 · τ)
= aj(t0 + 2 · τ)
= . . .

= aj(t0 + (C − 1) · τ). (26)

Furthermore, we have:

C−1∑
n=0

(aj (t0 + n · τ) · τ)

= aj(t0) · τ + aj (t0 + 1 · τ) · τ + · · ·
+ aj (t0 + (C − 1) · τ) · τ
∼= C · aj(t0) · τ. (27)

Correspondingly,

C =

−[aj(t0) · τ + vj(t0) · τ + 0.5aj(t0) · τ 2 ∓ λ
1
2 ]

2aj(t0) · τ 2
. (28)

where λ=[aj(t0)·τ + vj(t0) · τ + 0.5aj(t0) · τ 2]2 − 4aj(t0)

· τ · τ 2[vj(t0) · τ + 0.5aj(t0) · τ 2 − dA,B
j ]. Therefore, the

estimated valid time period of the EM for vehicle cj is:

T valid
j = floor(C · τ). (29)

For the mixed data dissemination, several important char-
acteristics should be taken into consideration. By considering
transmission efficiency, a series of parameters are analyzed,
including data priority, data popularity, and the valid time period
of data items. Firstly, the EM data clearly is more urgent than
the SM data, thus high priority should be assigned on the EM
message. Secondly, the data popularity is another vital property
to consider when data is scheduled. Data popularity is defined
as the number of requests that ask for the same data item.
Obviously, the multicast of data item with high popularity is
more efficient than that of data item with low popularity. Thirdly,
the valid time period of data item is critical for satisfying service
requests of vehicle users, especially for EM transmission. In
consideration of transmission reliability, multiple characteristics
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Algorithm 2: Mixed Data Scheduling.
1: for each time slot do
2: if CH bus bi receives SM requests from member

vehicles or EM alert from other CHs then
3: bi puts the requested data items/EM into
3: the scheduling queue;
4: bi calculates the scheduling utilities of each

item in the scheduling queue according to
formula (30);

5: bi sorts the data item in the queue according to
their utilities and broadcasts the one with the
largest utility;

6: end if
7: end for

are explored, including the channel quality, the relative speed,
as well as the distance between a CH and a CM.

Denote pk as the data item ak’s priority, hk as ak’s popularity
(hotness). Thus, the utility of scheduling data item ak can be
calculated as:

uk =
pk · hk ·Δl(ak)

tdeadlinemin (ak) ·Δv(ak) · [(R− dmax(ak))]
, (30)

where Δl(ak) and Δv(ak) denote the average link reliability
and average relative speed between the CH and all CMs who
want ak, respectively. tdeadlinemin (ak) represents the minimum
time constraint for all CMs that ask for ak (when ak stands
for an EM, tdeadlinemin (ak) represents the shortest valid time of
this EM among all CMs in the current cluster, on current time
slot), and dmax(ak) means the maximum distance between the
CH and all CMs that ask for ak. R is the transmission radius of
the CH. Thus, the CH calculates the utility value of each data
item in the queue and schedules the one with the highest utility
to broadcast to all members. The pseudocode of the proposed
mixed data scheduling algorithm is shown in Algorithm 2.

The scheduling utility calculation of each item in the queue
requires to calculate the link reliability and relative velocity
between the CH and all CMs who want the item, which is of
the orderO(N). Moreover, the calculations of tdeadlinemin (ak) and
dmax(ak) require to sort all CMs that ask for item ak according
to the time constraints for them and the distances between them
and the CH. The sorting consumes time of the orderO(N logN).
After the calculation, bi sorts the data item in the queue according
to their utilities, which takes time of the orderO(XlogX), where
X is the size of SMs data set. As a result, the complexity of
Algorithm 2 is of the order max{O(N logN),O(XlogX)}.

In the two proposed algorithms, Algorithm 1 shows the pro-
cedure of the proposed bus-based clustering algorithm. In a
traditional scenario, vehicles are grouped into clusters when
there are messages need to be disseminated. The clustering
process adds extra delay in disseminating messages. To reduce
that delay, Algorithm 1 forms buses and vehicles into clusters in
advance. Each running bus in the ROI will periodically broad-
casts the CHA message to claim itself as a potential CH. Each
vehicle that receives the CHA message will responds the bus

with an acknowledgement message. Upon receiving this ACK
message, the bus checks if the responding vehicle is already
on its neighboring nodes’ list. If not, the bus further invites
the vehicle to become a CM of itself, by sending the updated
utility of itself to the vehicle. On the vehicle’s side, it can receive
multiple invitations from different buses at the same time, and
it chooses the one that has the greatest utility value as its CH.
Once the cluster is formed, vehicles in this cluster maintain the
communications links with the CH until they leave this cluster.
Therefore, if an emergent event accurs, the EMs can be dissem-
inated real quickly from a cluster to another cluster, also the
EMs can be broadcasted within clusters fastly, thus minimizing
the overall transmission delay. Moreover, to fully explore the
potentiality of buses, multiple static and dynamic characteristics
are analyzed to depict the capability of a bus to work as a CH.
Specifically, we propose to use the path similarity between a
bus and its neighboring vehicles as an effective characteristic in
the process of evaluating the bus’s capability of working as the
CH. The path similarity characteristic is crucial for grouping the
most matching bus and its neighboring vehicles into a cluster,
as well as for achieving stable clusters so that the overhead of
cluster maintenance and updation in traditional methods can be
minimized.

After the proposed clustering process, Algorithm 2 enables
each CH to schedule EMs and SMs efficiently by exploring
the inherent timeliness characteristic of EMs, and explicitly
integrating it with multiple characteristics of both EMs and
SMs. In the existing work, EMs are given special preference
over SMs to guarantee the timeliness requirements of EMs. The
transmissions of SMs are paused until the transmissions of EMs
are completed. What’s worse, the transmissions of SMs can be
interrupted by EMs determinedly. In other words, EMs enjoy an
unconditional privilege in the scheduling process, at the sacrifice
of SMs transmission performance. Although the rigid QoS re-
quirements of EMs can be satisfied in this way, the transmissions
of SMs are harmed and network resources are underutilized, thus
in turn degrading the overall transmission performance. Distinct
from traditional works, the proposed Algorithm 2 treats EMs and
SMs equally under the unified standard given by formula (30).
The utility values of EMs and SMs waiting in the queue are
dynamically adjusted according to the instant situation in every
time slot. As a result, the transmission opportunity is assigned to
the most profitable data item in each time slot, so as to achieve
good balance between satisfying the rigid QoS requirements
of EMs and responding to CMs’ service requests as much as
possible.

V. PERFORMANCE EVALUATION

In this section, we evaluate the performance of the proposed
approach and compare it with referenced algorithms as follows:
(1) Clustering and Probabilistic Broadcasting (CPB) based data
dissemination algorithm [30]. In CPB, the selected CHs are
responsible for data transmission and they adopt probabilistic
forwarding to disseminate data. (2) Time Barrier-based Emer-
gency Message Dissemination (TBEMD) [31]. In TBEMD, the
EM transmission is given higher scheduling priority over SM
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TABLE II
SIMULATION PARAMETER SETTINGS

transmission. The time barrier is inversely proportional to the
distance between the sending vehicle and the receiving vehicle,
that is, the longer the distance is, the smaller the time barrier
value is. Thus, remote vehicles are more likely to receive the
required data. These methods are chosen as the baseline algo-
rithms because they represent the latest or widely used EMs/SMs
data dissemination algorithms in the urban scenario of IoVs, and
they adopt clustering methods similarly as the CMDD does.

A. Simulation Setup

The simulation scenario is a two-way four lane intersection in
urban scenario. The size of the ROI is set to 3.2 km*3.2 km. Full
Velocity Difference (FVD) car following model was adopted as
the vehicular mobility model. The number of vehicles in the ROI
is Ntotal, and the number of buses in this area is approximately
0.2Ntotal [32]. Vehicles in the ROI will randomly generate
requests one by one with exponentially distributed inter-arrival
time. The mean request arrival rate is set to be a constant λ,
which is actually a scaling factor of the request arrival rate.
The data access pattern is shaped with the Zipf distribution
with skewness parameter θ, 0 ≤ θ ≤ 1 [33]. The smaller the
value of θ is, the less different items are accessing frequency
among all data items in the database. In particular, when θ = 0,
the distribution becomes uniform, whereas the Zipf distribution
becomes extremely skewed as θ increases to 1. Time is slotted.
The specific parameter setting are shown in Table II. The results
are obtained when the system is in a steady state and all data
points are based on the average of over 5000 simulation runs.

We evaluate the data dissemination performance, as well as
the cluster stability of the proposed mechanism, respectively.
Below we give the specific analysis on simulation results. In
the following, we also present the statistical analysis and 95%
confidence intervals for the simulation results in all figures.

Fig. 3. Average transmission delay of EMs VS number of vehicles in the ROI.

B. Data Dissemination Performance Analysis

In this subsection, we analyze the data dissemination per-
formance of the proposed approach from various aspects. The
performance metrics are as follows:

1) Average Transmission Delay (ATD): the average trans-
mission delay of EMs stands for the average time period
from the moment that an emergency event occurs to the
moment that all vehicles in the ROI have received the EMs
successfully. Similarly, the average transmission delay of
SMs represents the average time period over the sum
of response time of requesting vehicles in the ROI, and
the response time of a requesting vehicle is measured
from the moment the vehicle sends out a request for a
particular service data item, to the moment that the vehicle
has received the requested data item completely. ATD
is a sensitive parameter to describe the efficiency of the
data transmission mechanism, and shorter ATD indicates
higher efficiency.

2) Successful Warning Ratio (SWR): SWR is defined as the
ratio of the total number of vehicles that have received
EMs timely to the total number of vehicles in the ROI. It
is an important parameter to show the effectiveness of the
proposed approach in realizing traffic safety.

3) Successful Response Ratio (SRR): SRR is defined as the
ratio of the total number of vehicles that have received their
requested data items timely to the total number of vehicles
that have asked for data items. It is another important pa-
rameter to show the effectiveness of the proposed approach
in accomplishing comfort and smart travel experience.

Fig. 3 and Fig. 4 give the simulation results of average
transmission delay for EMs and SMs under different number
of vehicles in the ROI, respectively. The skewness parameter
θ = 0.6 and the mean request arrival rate is set to 0.5. A small
λ indicates that a vehicle will send out a data item request at
a low frequency and thus introducing a light load for the CH.
Contrarily, a big λ means that a vehicle will request data from the
CH frequently, and brings a heavy burden to the CH. It clearly
can be seen that ATD increases with the number of vehicles in
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Fig. 4. Average transmission delay of SMs VS number of vehicles in the ROI.

Fig. 5. Successful warning ratio VS number of vehicles in the ROI.

the ROI for both EMs and SMs. Moreover, the proposed CMDD
approach achieves the lowest ATD for both EMs and SMs under
various number of vehicles in the ROI. Meanwhile, CPB treats
EMs and SMs equally, as a result, the ATDs of EMs and SMs are
almost the same with CPB. TBEMD gives high priority to EMs
and the ATD of EMs with TBEMD is better than that with CPB.
However, the better performance of TBEMD is achieved at the
sacrifice of the ATD of SMs as shown in Fig. 4, the ATD of SMs
with TBEMD is the worst among all compared algorithms. The
reason is that TBEMD assigns high priority to EMs and simply
schedules mixed data according to their priorities, neglecting
the fact that EMs might take too much unnecessary resources
and thus degrading the transmission of SMs. On the contrary,
the proposed CMDD algorithm jointly considers EMs and SMs
transmission requirements, and quantities their priorities appro-
priately through multiple characteristics. In doing so, the timely
requirement of EMs is satisfied and the transmission quality of
SMs is also valued, so that both EMs and SMs transmission
performance can be guaranteed.

Fig. 5 shows the successful warning ratios of compared algo-
rithms under different number of vehicles. The proposed CMDD
achieves the highest SWR among all compared algorithms. It can

Fig. 6. Successful response ratio VS number of vehicles in the ROI.

Fig. 7. Average transmission delay of EMs VS SM request rate.

be seen that SWR decreases with the increment of the number
of vehicles, the reason is that with more vehicles in the ROI,
the number of clusters increases, as well as the number of CHs.
With more clusters and CHs, there are more SMs requests to
be answered which may occupy a lot resources, thus degrading
the transmission of EMs. Meanwhile, the transmission hops are
increased as well, and the transmission conflict occurs more
often, introducing extra longer transmission time that some
vehicles are not tolerant with.

Fig. 6 shows the successful response ratio of all compared
algorithms, and CMDD achieves the highest SRR. Similarly,
it is seen that SRR decreases with the increment of number of
vehicles in the ROI. It is also seen that CPB achieves the second
best in SRR with different number of vehicles, while TBEMD
is the worst of all compared algorithms.

Fig. 7 and Fig. 8 depict the ATDs of compared algorithms
with different SM request rate. The number of vehicles in the
ROI is set to 100 and θ = 0.6. It is clearly seen that the ATD
of EMs and SMs increase with the increment of the SM request
rate. This is reasonable since with higher SM request rate, there
will be more SM requests waiting to be answered and the load of
each CH is heavy, thus degrading the transmission of both EMs
and SMs. However, it can be seen from Fig. 7 and Fig. 8 that
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Fig. 8. Average transmission delay of SMs VS SM request rate.

Fig. 9. Successful warning ratio VS SM request rate.

the proposed CMDD achieves the best performance among all
algorithms under different SM request rate, and the increasing
trend of CMDD is more stable than that of the rest algorithms,
indicating good adaptability of CMDD in dealing with varied
SM request rates.

Fig. 9 shows the successful warning ratio under different SM
request rates. It can be seen clearly that the SWR of CMDD
achieves the highest among all compared algorithms, and the
performance gain is remarkable. When the system is heavy
loaded (e.g, λ = 0.6), the successful warning ratio of CMDD
is still above 50%, revealling its high adaptability for varying
loads and complex network environments.

Fig. 10 shows the successful response ratio under different SM
request rates. It can be seen that the SRR of CMDD achieves the
highest among all algorithms, and the ratio decreases slightly
with the increment of SM request rate. With the increment of
λ, the frequency that a vehicle requsts SM data items from a
CH increases, and thus degrading the responsiveness of buses.
However, the proposed CMDD policy dynamically adjusts the
communications resources allocated among EMs and SMs. The
transmission of SMs is promoted on the premise that the deadline
constraints of EMs are not violated. As a result, both EMs and
SMs transmission requirements can be responded satisfyingly.

Fig. 10. Successful response ratio VS SM request rate.

Fig. 11. Average duration of CHs VS number of vehicles in the ROI.

C. Cluster Stability

In this subsection, we evaluate the cluster stability of the pro-
posed bus-based clustering algorithm. The performance metrics
are as follows:

1) Average Duration of CHs: the average time duration of the
selected buses that are working as CHs.

2) Average Duration of CMs: the average time duration of
the vehicles that are working as CMs.

Obviously, both metrics represent the stability of clusters,
and longer average durations of CHs/CMs reflect more stable
clusters.

Fig. 11 and Fig. 12 show the average duration of CHs and
CMs, of three compared algorithms, under different number of
vehicles in the ROI. It is noticed that for a specific number of
vehicles in the ROI, the proposed bus-based clustering algorithm
has the longest average duration of CHs, and the performance
advantage keeps growing with the increment of the number of
vehicles. Similar observations can be obtained for the average
duration of CMs from Fig. 12. The reason behind this lies in
the fact that CPB and TBEMD select CHs according to multiple
parameters such as the probability of successful transmitting
packet, the channel conditions, the average relative distance, the
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Fig. 12. Average duration of CMs VS number of vehicles in the ROI.

average relative speed, etc.. Obviously, these characteristics are
very important for finding appropriate vehicles to take responsi-
bility for data dissemination and forwarding in the environment
of IoVs. However, all these characteristics are dynamically and
quickly changing with time and situations. Especially when
vehicles are densified, there might be multiple vehicles with
similar characteristics which are all eligible for competing for
the CHs even in a small area. Thus, a vehicle that works as a
CH in a single time slot will be replaced by another vehicle
whose typical characteristics become better in the next time
slot, thus resulting the update of other involved vehicles. In
other words, CM vehicles are also updated and they need to
decide whether to join in the new cluster with the updated CH.
As a result, clusters with CPB or TBEMD update frequently
and introduce relatively short duration of CHs and CMs. On
the contrary, the proposed CMDD selects proper CHs from a
different angle, where we propose to use buses as CHs to take
fully advantage of buses that have regular routes and greater ca-
pability, comparing to normal vehicles. Moreover, the dynamic
characteristics that are emphasized by CPB and TBEMD are
also valued by CMDD, and more parameters that can reflect the
characteristics of vehicle mobility and urban scenario, such as
path similarity, link reliability and so on, are jointly considered.
In summary, when selecting CHs, CMDD not only considers the
typical vehicular and mobility characteristics that are dynamic
and quick-changing, but also values particular attributes that
depict the vehicle moving behavior in a long term. In doing so,
CMDD achieves longer average duration of selected CHs and
CMs, and more stable clusters.

VI. CONCLUSION

Efficient and reliable data dissemination in IoVs is the basis
of realizing the vision of intelligent transportation systems. In
this paper, we have proposed an improved cluster-based V2V
approach for mixed data dissemination in urban scenario of
IoVs. We have proposed to use buses, the most common vehicles
in urban scenario, as cluster heads, to provide reliable data
communications between vehicles. We have designed a bus-
based clustering algorithm which considers not only mobility

characteristics of vehicles, such as vehicles’ speeds and loca-
tions, but also environment and communications characteristics
of urban scenario, such as path similarity and link reliability,
to help vehicles find the most appropriate buses as CHs and
establish connections with them. Moreover, we have proposed a
novel priority-based data scheduling algorithm which empha-
sizes multiple parameters in the priority calculation process,
such as message importance, data popularity, time constraint,
distance, etc. These parameters are carefully integrated into the
calculation so that the QoS requirements of both EMs and SMs
are reasonably appreciated and respected, to guarantee that all
vehicles in the ROI can receive EMs timely and get satisfied with
their SMs requests at a certain level. Simulation results have
shown that our proposed approach can achieve obviously better
transmission performance, in terms of transmission delay, suc-
cessful warning ratio and successful response ratio, compared
with the considered previous methods. In addition, the proposed
bus-based clustering algorithm performs stably under varied
vehicle densities, indicating its good adaptability for complex
urban environment.

In the context of this era, cutting-edge technologies such
as 6G, vehicles situational awareness and demand forecasting
technologies are advancing rapidly, revealing great potential for
enhancing mixed data dissemination in IoVs. An interesting
future research direction for this work is to consider combining
6G, deep learning and multi-sensor fusion technologies, to real-
ize quick and accurate feature matching and association based
on the running status and trajectory of vehicle, for mixed data
dissemination in urban scenarios. Cross-regional data sharing
and information interaction will be considered in the future
work to reduce the cost of data dissemination and to improve
the Quality of Experience (QoE) of drivers and passengers.
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