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Abstract

With the advent of 5G communications, internet of vehicles technology has been widely used
in vehicles. Then the dynamic spread of information between vehicles began to come into
focus with more research. It is well known that the identification of nodes with great spread
influence has always been a hot topic in the field of information spreading. Most of the existing
work measures the propagation influence by degree centrality, betweenness centrality and
closeness centrality. In this paper, we will identify influential vehicle nodes based on the
mobility characteristics of vehicles to explore the information spreading between vehicles in
VANETSs. Different from the above methods, we mainly explore the influence of the radius of
gyration and vehicle kilometers of travel on information spreading. We use a real vehicle
trajectory data to simulate the information transmission process between vehicles based on the
susceptible-infected-recovered SIR model. The experimental results show that the influence
of information spreading does not enhance with increasing radius of gyration and vehicle
kilometers of travel. The fact is that both the radius of gyration and the distance travelled have
a significant influence on information spreading when they are close to the median. When the
value of both is large or small, it has little influence on information spreading. In view of this
results, we can use the radius of gyration and vehicle kilometers of travel to better facilitate
the transmission of information between vehicles.
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1. Introduction

With the advent of 5G communications, internet of vehicles technology has been widely

used in vehicles. Then the dynamic spread of information between vehicles began to come
into focus with more research. In recent years, the identification of nodes with great spread
influence has always been a hot topic in the field of information spreading. In complex
networks, it is very important to determine the important nodes of information spreading,
which can effectively control the spread of viruses in computer networks and diseases in social
networks, as well as the spread of rumors, opinions, economic crisis and so on [1]. As we all
know that there are many ways to communicate in Vehicular Ad Hoc Networks (VANETS)
[2-4], for example between vehicles and vehicles (V2V), vehicles and infrastructure (V21),
vehicles and pedestrians (V2P), and vehicles and networks (V2N) [5]. In this paper, we focus
on vehicle to vehicle transmission, and now we know that with the popularization and
development of vehicle Internet technology, the information transmission between vehicles
becomes more frequent. For example, vehicles can perceive multi-source perception
information such as vehicles and road environment, and effectively extract and utilize dynamic
information in the traffic environment to realize the sharing of perception information between
vehicles [6]. Therefore, how to identify the nodes with greater influence of information
transmission in VANETS has become a hot topic in the field of network information spreading.

With the continuous popularization of 5G network, the development of vehicle network
technology. More and more information should be quickly and efficiently transmitted between
vehicles, such as current road conditions, weather conditions and road traffic conditions, for
real-time analysis to prevent traffic jams [7]. Most of the existing work measures the
propagation influence by degree centrality, betweenness centrality, closeness centrality and
other characteristics of network topology [8-12]. Some works, such as the greedy algorithm
[13], the Node Rank algorithm [14], and the community-based algorithm [15], are conducted
based on human mobility characteristics. Others are based on a topological diffusion model
[16], molecular dynamics [17] or other methods. In this paper, we study the vehicle’s radius
of gyration [18] and vehicle kilometers of travel [19] to measure the spread influence of nodes.
The radius of gyration and vehicle of travel are both vehicle mobility characteristics, so you
can obtain more accurate measurements. We use a real larger vehicle trajectory data set to
explore their influence on information transmission in VANETS.

To evaluate the influence of radius of gyration and vehicle kilometers of travel on
information spreading, we use a real vehicle trajectory data to simulate the information
transmission process between vehicles based on the susceptible-infected-recovered SIR [20]
model. In this paper, our main contribution is the experimental results that we obtained. We
found that the influence of information spreading does not enhance with increasing radius of
gyration and vehicle kilometers of travel. But both have the greatest influence at a median
value approximately between the maximum and minimum values, while radius of gyration and
vehicle kilometers of travel has a relatively small spreading influence at larger and smaller
values, and has certain regular volatility. Further, it is found that the degree of vehicles is also
larger when the values of radius of gyration and vehicle kilometers of travel have greater
spread influence, which is consistent with the characteristic that the range of information
propagation is generally large when the node degree is large. Therefore, we can to better
facilitate the spreading of information according to the range of radius of gyration and vehicle
kilometers of travel of the vehicle.

This paper is organized as follows: Section 2 discusses related works. The mobility
characteristics of vehicle radius of gyration and vehicle kilometers of travel are analyzed in
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section 3. In section 4, we present the experimental process of information spreading by
mobility characteristics and discuss the experimental results. Finally, Section 5 concludes the

paper.

2. Related Works

From previous research work, as we know, it has a great practical and theoretical significance
to measure the spreaders spread ability. Most researchers identify influential spreaders based
on the topology characteristics of the network. However, from the existing research work, the
topology characteristics of networks such as the centrality measurement method have many
limitations and shortcomings. D. Chen et al. [8] discovery only considered the local network
structure information around the nodes in the degree centrality method, so the influential nodes
could not be recognized occasionally. Although the betweenness centrality method takes
global structural information into consideration, the main disadvantage of this method is that
it is difficult to be applied in large-scale networks due to its large computational load [9].
When the network contains unrelated components, the distance between two nodes belonging
to different components is not limited, which is the biggest problem with the closeness
centrality method [10]. Since the eigen vector of the adjacency matrix is used to describe only
one of its components, if there are two or more different components, using the eigenvector
centrality method will result in an incorrect result. In addition, in the work [11], three centrality
measures were redefined based on the time evolution graph model to identify influential nodes.
In addition, Kitsak et al. [12] proved that k-core's influence on information dissemination is
more accurate than usage degree or betweenness centrality. They found that the core node of
the network has a large propagation influence, which is determined by its position in the
network.

Moreover, according to the moving characteristics of vehicles, information spreading
between vehicles is divided into different forms. At present, many researchers have studied
the instantaneous information transmission in VANETS, and related research topics such as
propagation speed, network connectivity, propagation distance and opportunity
communication. Lili Du et al. [21] proposed an information-traffic-coupled cell transmission
model () to capture information based on VANETSs transmission dynamics. The IT-CTM
method discretizes the road segment into multiple units and can track the dynamic movement
of information, thus increasing its coverage. Moumena Chagfeh et al. [22] propose and
evaluate an effective multi-directional data distribution protocol (EDDP), which only relies on
simple local data to indicate road conditions, so as to achieve better communication effect. In
addition, mathematical methods are used to estimate the expectation, variance and probability
distribution of information transmission distance on parallel roads [23-24]. It is assumed that
vehicle headway follows poisson, gamma, or lognormal distribution. Clearly, this group of
studies propagated the information on a snapshot of static traffic flow, because the information
propagated by wireless communication was much faster than the traffic flow changes.
Therefore, the influence of traffic dynamics on information dissemination has not been fully
considered. Information is transmitted intermittently in VANETs. Since wireless
communication is not available, the information may be exchanged by wireless
communication or by the carrying vehicle. Wang et al. [25] put forward an analysis formula is
proposed to estimate the information propagation time delay through the V2V communication
network formed on one-way or two-way road sections with multiple lanes.

Furthermore, for the transmission of some emergency information in road traffic, such as
ambulances, fire alarms, traffic accidents and other information. Some studies have explored
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the Urgent information spreading in VANETS. Yuanguo Bi et al. [26] propose an urban multi-
hop broadcast protocol (UMBP) to spread emergency messages. In the first hop, two-way
broadcast or multi-directional broadcast simultaneously performs the forwarding node
selection scheme in different directions, and each direction successfully selects a single
forwarding node. Directional broadcasting is then carried out at each hop in the direction of
the message propagation until the emergency message reaches the intersection area, and then
multi-directional broadcasting is carried out in the intersection area, finally making the
emergency message seamlessly cover the target. Syed Sarmad Shah et al. [27] put forward the
Time Barrier-Based Emergency Message Dissemination in Vehicular Ad-hoc Networks to
reduce the message overhead that may disrupt the network. Propagate news in time through
super-nodes. In order to avoid unnecessary broadcast problems caused by broadcast storms,
time barrier technology is adopted to deal with this problem. Only the farthest vehicle relay
can cover more distance information. Therefore, the message can reach the furthest node in a
shorter time, thereby increasing coverage and reducing delay. In order to improve the
transmission of emergency messages between vehicles, Marques et al. [28] put forward the
strategy of using the location, direction, speed, the number of vehicle neighbors and the
characteristics of urban areas, so that messages can reach all vehicles in the shortest time and
at the lowest speed.

There are different kinds of information transmitted between vehicles in VANETS, and
many scholars have proposed information transmission protocols between vehicles [29-31].
Korkmaz et al. [32] proposed a new and efficient multi-hop broadcast protocol (UMB) based
on IEEE 802.11, aiming at solving the problems of the broadcast storm, hidden nodes and
reliability of multi-hop broadcast in cities. In this protocol, the road part in the transmission
range is divided into several segments, and the vehicles in the farthest non-empty segment
without prior topology information are selected, so that the responsibility of forwarding and
confirming broadcast data packets are assigned to only one vehicle. When there is an
intersection in the path of message propagation, the vehicles at the intersection will launch a
new directional broadcast. Dedicated Short Range Communication (DSRC) is a wireless
communication technology designed for direct V2V connections, which takes the IEEE
802.11p standard as its physical (PHY) and medium access control (MAC) layers currently.
DSRC can provide high-speed, real-time, accurate and reliable connections between vehicles
[33]. Rakesh Shrestha et al. [34] proposed a new blockchain to solve the key message
dissemination problem in VANET. We created a local blockchain for real event message
exchange among vehicles in a country/region, which is a new blockchain suitable for VANET.
We propose a common blockchain, which stores node credibility and message credibility in a
distributed ledger suitable for secure message distribution.

Most of the above studies have used various methods to identify critical nodes in complex
networks. For example, the characteristics of the network topology are studied to find the
nodes that have an influence on information propagation. In VANETS, many researchers
analyze the characteristics of vehicle motion to study the propagation of information between
vehicles. Due to the limited transmission range and high mobility of vehicles, this will lead to
rapid topology changes, resulting in partitioning and routing link failures. They study the
information propagation in VANETs by analyzing transient, intermittent, and emergency
information between vehicles. Many other scholars study information propagation between
vehicles by analyzing the routing protocols in VANETSs. As far as we know from existing
works, no study has investigated information spreading in VANETSs by analyzing the vehicle
radius of gyration and vehicle kilometer traveled. Therefore, in the rest section, we will explore
the effects of turn radius and vehicle kilometers on information propagation in VANETS.
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3. Vehicle Mobility Characteristic Analysis

In the research work of [18], M. C. Gonzalez et al. used the trajectory data of 100,000
anonymous mobile phone users for 6 months. In their research, they propose the concept of
human mobility radius of gyration and analyzed its distribution. The experimental results show
that the radius of gyration of user mobility approximates the truncated power law distribution.
The network topology of VANETS changes rapidly due to the rapid movement of vehicles.
Based on their research we first analyze the characteristics of radius of gyration of vehicle
mobility used a real data set. In the meantime, we analyzed the characteristics of vehicle
kilometers of travel and their influence on information spreading in VANETS.

In this paper, we used the dataset of mobility traces of taxi cabs in Rome, ltaly [35].
Contributed by Lorenzo Bracciale, Marco Bonola, Pierpaolo Loreti, Giuseppe Bianchi, Raul
Amici, Antonello Rabuffi. This dataset contains GPS coordinates of approximately 320 taxis
collected over 30 days. We randomly selected 10 days of data to calculate radius of gyration
and vehicle kilometers of travel for all vehicles and analyzed their distributions.

3.1 Radius of Gyration Analysis

In the supplementary data of [18], the calculation process of the radius of gyration is given.
which is defined as follows:

ry(t= nl Y(ri-ri) @

a
c

Where I’ia represents the i:1,...,n (t) positions recorded vector for vehicle a and

r Z‘m = ]7/n:(t) Zﬂl rf‘(t) is the center vector of mass of the trajectory. This means that the

user's movement in a period of time is around an axis of rotation, the radius of gyration is the
vertical distance from the point of concentration to the axis of rotation.

We used 10 days of data to calculate the radius of gyration of all vehicles for three different
time periods. The three time periods are 6 hours (15:00-21:00), 12 hours (8:00-20:00) and 24
hours (00:00-24:00) respectively. The average number of vehicles in three times is 148, 270
and 292 respectively. We calculated the average value of 10 times in each time period as the
value of the radius of gyration. The distribution of the number of vehicles in different range of
radius of gyration is shown in Table 1.

Table 1. The distribution of vehicles in different range of radius of gyration

he distributian of Radius of Gyration (km)
nodes
Times 0-2 2-4 4-6 6-8 8-10 10-12
6 Hours 21 44 55 11 14 3
12 Hours 39 74 116 20 19 2
24 Hours 40 66 138 23 22 3

From Table 1, it can be found that most vehicles have a radius of gyration within 4-6km.
A small number of vehicles have a smaller radius of gyration. Occasionally there are a few




KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 15, NO. 2, February 2021 805

vehicles with large radius of gyration. Based on the distribution of vehicle rotation radius,
which indicating that most of the users do the reciprocal motion in the intermediate area, and
only a small number of users are active in the larger and smaller areas.

3.2 Vehicle Kilometers of Travel Analysis

The vehicle kilometers of travel refer to the total kilometers traveled by vehicles on a roadway.
In traffic and transport planning the vehicle kilometers of travel is the most frequently used
characteristic to consider for various purposes such as estimating vehicle emissions, resource
allocation, analyzing crashes, assessing traffic impact, making road safety policies, and road
allocating resources. We analyzed the vehicle mobility characteristics by calculating vehicle

kilometers of travel, which is defined as follows :

a

N,

s"=>(riari) @

i=1
Where I’ia represents the 1=1,..., n:(t) positions recorded vector for vehicle a. We
still select 10 days of data from the dataset. We use (2) to calculate the average vehicle
kilometers of travel of each vehicle for three different time periods of 6 hours (15:00-21:00),
12 hours (8:00-20:00), and 24 hours (00:00-24:00) in a 10-day period. The average number of
vehicles in three times is 148, 270 and 292 respectively. The distribution of the number of
vehicles in different range of vehicle kilometers of travel, as shown in Table 2.

Table 2. The distribution of vehicles in different range of vehicle kilometers of travel

The dlstrlbutlnoondgz Vehicle Kilometers of Travel (km)
Times 0-50 50-100 100-150 150-200 200-250
6 Hours 35 74 28 9 2
12 Hours 45 136 66 20 3
24 Hours 20 97 94 58 23

From Table 2, it can be seen that the distribution of vehicle kilometers of trave is
concentrated in 50-100km. Only a small number of vehicles have more and less vehicle
kilometers of trave. This indicates that most vehicles have a relatively normal vehicle
kilometers of trave, only a small number of vehicles have less and more travel distance.

4. Information Spreading Experiments and Results Analysis

In our experiment, we from several classical disease spreading models select the susceptible-
infected-recovered (SIR) model to study the information spreading process. The SIR model is
applicable to people who have Susceptible, Infected, and Recovered and who are cured of a
disease that does not recur. Susceptible and Infected effectively come into contact with each
other and become Infected, which can be cured and become Recovered, with no latency period
and lifelong immunity. The reason why we choose the SIR model is to avoid double-counting
the infected nodes. In other words, the nodes whose information has been spread do not accept
spreading, so as to avoid double-counting the nodes that have been spread. One day is the
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smallest time unit in the model. The total number of people is N . The total number of people
is constant, irrespective of births and deaths, in-migration, and out-migration. The ratio of each
type of population to the total number of people at time t is given as s(t), i(t),and r(t),

and the number of each type of population is givenas S(t), I(t),and R(t) respectively. At

the initial moment t =0, the initial ratios are s, i,, and r,. daily exposure A, which is the
average number of susceptible people each patient is effectively exposed to each day. The
daily cure rate u is the ratio of the number of patients cured per day to the total number of
patients. Average cure days 1/ M, also known as the average duration of infection, is the
number of days from the disease to cure. The number of people exposed during the infection
period o = /1/ M, that is, the number of susceptible people effectively exposed to each patient

within 1/ of the entire infection period.

In VANETS, the process of information spreading between vehicles, where the spreader is
S and the receiver is 1, is similar to infectious disease for the same message, and in the SIR
model, the infected person is cured and no longer infected with the virus. Therefore, for the
same message, the receiver will no longer receive it after receiving it, and it is called R. First
of all, we notice that all nodes with the exception of the infectious nodes are initially
susceptible. In each step, each infected node tries to recover after infecting its sensitive

neighbor with probability § of infection, with probability » of recovery. In this state, on
average, one infected node will contact k neighbors before recovery, so the probability of
recovery of infected nodes is y = ]/ k . The recovered node will never receive a message from

another infected node. Here, the selection of the SIR model can avoid the redundancy of the
copies of information generated during the information transmission process. In this paper, the

probability of susceptible individuals is assumed to be =1, s(t), i(t) and r(t) are the

proportion of susceptible nodes, infective nodes and recovery nodes in the whole node
respectively. The coupled differential equations of SIR model is as follow:

di/dt= gsi—yi,i(0)=1/n
ds/dt =-psi,s(0)=1-1/n (3)
dr/dt=yi,r(0)=0

When dr/dt=0, r(t) does not reach a steady-state. At this time, the proportion of
spreading (PoS) is equal to the following formula:

PoS =i(t) +r(t) =1-s(t) (4)

4.1 Results Analysis of Radius of Gyration on Information Spreading

In this experiment, we are divided into 12 intervals according to the value of the radius of
gyration. Each experiment randomly selects 1 vehicle from each interval as the proportion
node, and repeat the selection 5 times. If the distance between a vehicle and the proportion
node is less than 400m in 12 seconds before and after, we shall deem that the information is
spreading to the vehicle. We use the SIR model to calculate the average propagation rate of 5
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nodes randomly selected in each interval.

As you can see in Fig. 1, we use red, blue and green to represent the different radius of
gyration calculation periods. From the figure, we can see that the larger spread period has a
larger standard deviation. Here, the deadline for information spreading is the same as the radius
of gyration period. Therefore, there is an obvious conclusion that the proportion of spreading
over the 24 hours radius of gyration time span is significantly larger than the radius of gyration
of 12 hours or 6 hours, radius of gyration is almost consistent with the fluctuation of regularity.
In general, in the initial stage, the proportion of spreading tends to increase with the increase
of the radius of gyration, and the proportion of spreading reaches its peak when the radius of
gyration of three time periods is nearly 6km. Then the proportion of information spread
gradually decreases.
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Fig. 1. The PoS of radius of gyration in different periods

The PoS of the radius of gyration in the three time periods showed a trend of first increasing
and then decreasing. From this we can conclude that the influence of information spreading
does not enhance with increasing radius of gyration. The fact is that the radius of gyration have
a significant influence on information spreading when it is close to the median. When the value
of both is large or small, it has little influence on information spreading. The single transverse
region is limited when the radius of gyration is small, so the spreading is relatively small.
However, we speculate that the individual is in the periphery of the area when the radius of
gyration is large, which is not the area with high user activity.
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We not only analyzed the information PoS of the radius of gyration, but also studied the
influence of the radius of gyration on the spreading synchronously from the geographical range.
Nodes with large and small influence of radius of gyration on spreading were selected as
infection nodes. For the convenience of examples, we only show the spreading range of the
radius of gyration of four nodes, which are about 3km, 5.9km, 6.6km and 8.3km on the 24
hours period respectively. In Fig. 2, we represent infected and uninfected nodes in red and
blue dots, respectively. It can be seen from the figure that the number of infected nodes reaches
the maximum when the radius of gyration is about 5.9km. When the radius of gyration is
approximately 6.6 km, the spread range is larger, which is less than the radius of gyration is
about 5.9 km. However, when the radius of gyration is about 3 km and 8.3 km, the number of
infected nodes is relatively small.

42.15¢

42,10

42,051

42,00

Latitude
L
p
(Y=}
wu

41.90

41.85r

41.80

41.75¢

42101

42.051

42.00

Latitude

41.90

41.85

41.80

4175t

~
=
©
[
T

RG = 3 (km) RG = 5.9 (km)
= Infected * 42151 = Infected *
+ No Infected o1k * No Infected
. * 4205} . *
* x
. 42,00 * L
[}
. . M- l:‘l, . T ok * R . -:a\. .
* : 3 ’l"‘xat 50 ,x N &~ *
o e, " 8 kB E *
tig C 4190t o
e e e e T, x
X * * xx & %
S 4185} .
k4 * g,
% * x x“- x
.t * * 41.80 . x % *
* * * * N * *
* 41.75¢ ‘
L L L L L L L L L L L L L L
12.1 12.2 12.3 124 12.5 126 12.7 12.1 12.2 12.3 124 125 12.6 12.7
Longitude Longitude
RG = 6.6 (km) RG = 8.3 (km)
«  Infected * S350 nfected *
+ No Infected 210k * No Infected *
*
R 42,05 *
*
. K 42.00+
Do, $ ] . © 4 )
. > ox 241950 . o,
-
a*f o Ly ? . 8 *'f "*& . *
 E e 4190t - "3 "
o « '1!5({'** LI . " "5. .,
A . 4185} N
x N o *x *
R X . . . x,
e . . K N 41801 *® T *
*
* 4175t *
L L L L L L L L L L L L
121 12.2 12.3 12.4 12.5 12.6 12.7 121 12.2 12.3 124 125 12.6
Longitude Longitude

Fig. 2. The information spreading range of different radius of gyration values

12.7

4.2 Results Analysis of Vehicle Kilometers of Travel on Information Spreading

We discussed the effects of vehicle kilometers of travel on information spreading. As you can
see in Fig. 3, we use red, blue and green to represent the different vehicle kilometers of travel
calculation periods. As you can see from the graph, larger periods have larger standard
deviations. We use the same deadline for information spreading as the vehicle kilometers of
travel. There is a conclusion similar to the radius of gyration. The proportion of information
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spreading over the 24 hours vehicle kilometers of travel time span is significantly larger than
vehicle kilometers of travel of 12 hours or 6 hours, vehicle kilometers of travel is almost
consistent with the fluctuation of regularity. In general, the vehicle kilometers of travel have
an increasing trend, and the fluctuation amplitude of vehicle kilometers of travel on
information spreading is consistent with radius of gyration. The proportion of information
spread over three time periods peaked when the vehicle kilometers of travel about 88km.Since
then, the proportion of information spreading has declined. We also studied the influence of
vehicle kilometers of travel on propagation geographically.

The influence of vehicle kilometers of travel is also analyzed on transmission in terms of
the proportion of information transmitted, we also studied the geographic extent of
transmission of vehicle kilometers of travel. We selected nodes where vehicle kilometers of
travel had a greater or lesser propagation impact as infection nodes. We counted four nodes
whose vehicle kilometers traveled in a 24-hour period were approximately 30, 88, 91, and 207
kilometers, respectively. In Fig. 4, in the same way that we represent infected and uninfected
nodes in red and blue dots, respectively. It can be seen from the figure that the number of
infected nodes reaches the maximum when the vehicle kilometers of travel is about 88 km.
When vehicle kilometers of travel is about 91 km, the spread is larger but still smaller than
when vehicle kilometers of travel is about 88 km. In contrast, when vehicle kilometers of travel
is about 30 km or 207 km, only a few nodes are infected.
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5. Conclusion

With the development of 5G technology, the application of 5G in VANET improves the
communication mode and communication quality of vehicle network. Information spreading
in dynamic ad hoc networks has become a hot topic. In this paper, according to the moving
characteristics of vehicles, the radius of gyration and kilometers traveled by vehicles are
selected to explore the influence of vehicle movement on information dissemination in
VANETs. We use a real vehicle trajectory data to simulate the information transmission
process between vehicles based on the susceptible-infected-recovered SIR model. The
influence of information spreading will not increase with the increase of vehicle radius of
gyration and kilometers traveled. The fact is that both the radius of gyration and the distance
travelled have a significant influence on information spreading when they are close to the
median. When the value of both is large or small, it has little influence on information
spreading. In view of this results, we can use the radius of gyration and vehicle kilometers of
travel to better facilitate the transmission of information between vehicles. In the following
work, we expect to study more about the influence of vehicle mobility characteristics on
information spreading.
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