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The mobility of mobile nodes is a distinctly important influence factor for video
sharing performance, user quality of experience and traffic load remission of core net-
works in vehicular ad hoc networks (VANETS). In this paper, we propose a novel mobil-
ity similarity measurement method to increase performance of community-based video
delivery in VANETs (MSMM). In order to accurately represent movement trajectories of
vehicles, MSMM calculates relative location between vehicles to refine the geographical
location of vehicles. MSMM investigates continuous variation of refined vehicle location
to estimate subjection relationship between vehicles and roads and designs a line-seg-
ment-based representation method for movement trajectories of vehicles according to the
subjection relationship. By building an estimation model of traffic of roads in terms of
the hydromechanics and the vehicle following model and by analysis for the historical
movement trajectories of vehicles to calculate traffic of roads, MSMM extracts the
movement patterns of vehicles. MSMM further respectively designs a recognition meth-
od of movement patterns of vehicles and a similarity estimation method of movement
behaviors between vehicles, which enables the video requesters to select the video pro-
viders which have similar movement behaviors and implement high-efficiency video
sharing. We use MSMM to replace the similarity estimation method of node mobility in
our previous work PMCV and construct a new video sharing solution (called “M-
PMCV”) in VANET. Simulation results show how M-PMCV achieves much better per-
formance in comparison with the original solution PMCV.
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1. INTRODUCTION

The rapid development of wireless communication technologies (e.g. deployed 4G
and upcoming 5G) dramatically promotes communication capacities to meet the band-

Received August 29, 2017; revised September 20, 2107; accepted December 12, 2017.
Communicated by George Ghinea.

919



920  SHI-JIE JIA, RUI-LING ZHANG, TIAN-YIN WANG, LU-JIE ZHONG AND MING-CHUAN ZHANG

width demand for the video services in wireless mobile networks [1]. The mobile users
can ubiquitously access to the Internet via smart devices (e.g., smart phones and tablet
PC) to obtain video content. Fig. 1 illuminates the deployment of video services in ve-
hicular ad hoc networks (VANETS). The video services can provide rich viewing content
for the users and attract super-large scale video users. Therefore, the fast increase in
scale of video users results in available bandwidth resources in video systems becoming
relatively limited for each video user, which brings severely negative influence for sys-
tem scalability and users’ quality of experience (QoE) [2]. In particular, the mobile video
users in limited urban area have super large scale and high density and generate huge
video traffic [3]. In order to promote system scalability and ensure high user QoE, mas-
sive video systems employ mobile peer-to-peer (MP2P) technologies to manage video
resources in overlay networks and assign bandwidth resources of peers [4-6]. However,
the high cost of managing and fetching videos resources in overlay networks also brings
severely negative influences for video sharing performance and user QoE. The virtual
community technologies define logical relationship between mobile users and discover
the communities composed of mobile users with similar video sharing behaviors in terms
of interaction between mobile users [7]. For instance, SMMC in [8] investigates video
demand, social relationship and movement behaviors of users to define relationship be-
tween users and construct user communities. In fact, the common interests of users for
video content can promote successful video lookup probability in communities, which
reduces the forwarded number of request messages and decreases delay of video lookup;
The similar movement behaviors enable community members which have close geo-
graphical distance to achieve high-quality video delivery with low hop count, which re-
duces transmission delay of video data and relieves traffic load of core networks.
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Fig. 1. Video services in vehicular ad-hoc networks.

Obviously, the similarity of movement behaviors between community members is a
key factor for promotion of video delivery performance and remission of traffic load of
core networks. The accurate estimation for the movement behaviors of mobile users can
ensure the high-performance video delivery with low hop count between video re-
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questers and providers. In urban area, the passengers in vehicles (e.g. personal cars, bus
and taxi) have become a kind of video users with huge scale, which watch video content
shown by vehicle-mounted video terminals or hand-held smart devices. Unlike the pe-
destrians, the passengers in vehicles have faster movement speed and higher randomness
than the pedestrians, which results in severely negative influence for the video sharing
performance and passengers’ QoE. There are many studies for the mobility estimation of
mobile users in urban area. For instance, PMCYV in [9] defines the movement traces of
mobile users in terms of the passed access point (AP) and makes use of the Markov pro-
cess to predict movement trajectories of mobile users in the future. The historical and
predicted movement trajectories of mobile users are used to calculate similarity of mobil-
ity of mobile users. Cruces et al. in [10] designed an estimation method of probability of
vehicle encounter, which constructs a contact maps among vehicles to calculate the
meeting probability between downloaders and candidate data carriers by analyzing his-
torical data of inter-vehicle communication. Yoon et al. designed a trace-driven vehicle
mobility models in VANETSs, which defines the wireless traces such as WiFi users and
APs and makes use of the filtered traces and the built graph to construct the probabilistic
mobility model [11]. Kim ef al. estimated geographical location of mobile nodes in terms
of movement traces of mobile devices associating with APs and built the mobility model
based on the extracted mobility characteristics of mobile nodes [12]. However, the above
methods neglect the influence factors which lead to the abnormal movement behaviors in
the stable movement patterns, which results in low estimation accuracy for mobility of
mobile nodes. Moreover, the definition methods of vehicular movement trajectories as-
sociating with APs do not accurately describe movement trajectories of mobile nodes,
which also reduce measurement accuracy of mobility of mobile users. The low-accuracy
measurement results for mobility of mobile users not only cause frequent reconstruction
of community structure due to the churn of movement state of mobile nodes, but also
reduce the video delivery performance between mobile nodes.

In this paper, we propose a novel Mobility Similarity Measurement Method to
increase the performance of community-based video delivery in VANETs (MSMM).
MSMM designs a refinement method of geographical location of vehicles by calculation
of relative location between vehicles. MSMM estimates subjection relationship between
vehicles and roads by investigation for the continuous variation of refined vehicle loca-
tion and formulates a line-segment-based representation method for the movement tra-
jectories of vehicles in terms of the subjection relationship. MSMM constructs an esti-
mation model of traffic of roads in terms of the hydromechanics and the vehicle follow-
ing model and extracts the movement patterns of vehicles by analysis for the historical
movement trajectories of vehicles to calculate traffic of roads. MSMM recognizes the
movement patterns of vehicles in terms of current movement trajectories of vehicles and
designs a similarity estimation method of movement behaviors between vehicles, which
enables the encountered vehicles to find partners and implement video sharing between
vehicles with similar movement behaviors. We use MSMM to replace the similarity es-
timation method of node mobility in our previous work PMCV and construct a new vid-
eo sharing solution (called “M-PMCV”) in VANET. Simulation results show that M-
PMCYV achieves lower startup delay, lower packet loss rate, high throughput and high
video quality than PMCV.
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2. RELATED WORK

The community-based video systems group the mobile users with common interests
for video content into the same communities in order to promote video sharing perfor-
mance between nodes in communities. Because the logical link between nodes in com-
munities can be autonomously maintained, the maintenance cost for the whole overlay
networks can be distributed into each community, which promotes the system scalability;
The nodes in communities make use of the maintained links to fast discover video pro-
viders due to common interests between nodes. When the video requesters have found
the candidate providers, they need to select the appropriate providers with stable and
similar mobility to achieve the low-hop transmission of video data, which reduces data
transmission delay and packet loss risk. As Fig. 2 shows, the vehicle A and B are video
requester and provider, respectively. When they have similar movement behaviors, the
vehicle A can obtain video content with low cost from the vehicle B instead of the server.
Therefore, The similarity of mobility of mobile nodes also is considered as a key param-
eter for the definition of relationship between nodes in communities. The inaccurate es-
timation for the mobility similarity between mobile nodes results in the fragile relation-
ship between nodes in communities, so that the churn of logical links between nodes in
communities causes frequent reconstruction of community structure. This leads to the
high maintenance cost for the community structure and reduces the system scalability.
Moreover, the inaccurate estimation also reduces video sharing efficiency. For instance,
if a video requester connects with a provider which has dissimilar mobility with the re-
quester, data transmission path and geographical distance between them frequently
change, which increases packet loss risk and data transmission delay [13].
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Fig. 2. Video sharing between vehicles with similar mobility.

There are many studies related to the mobility of mobile users in wireless mobile
networks. For instance, Lee ef al. proposed a construction method for the movement
patterns of user mobility [14]. The movement trajectories are divided into multiple line
segments and the similar line segments are grouped into a cluster by making use of the
designed density-based line-segment clustering algorithm. The representative trajectories
of clusters are generated in terms of the common characteristics of line segments in clus-
ters, which describes the overall movement of the trajectory partitions in clusters. Yoon
et al. designed a trace-driven realistic mobility model [11], which uses the association
data between WiFi and APs to denote the movement trajectories of mobile nodes. The
movement trajectories of mobile nodes can be collected in an actual map and are con-
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verted to a graph after the data refinement processing. Based on the built graph, the
probability that the mobile users pass the APs in the future is calculated in terms of the
extracted movement patterns. Lee et al. built a semi-Markov-based mobility model in the
temporal and spatial domains in wireless LANs [15]. By making use of semi-Markov
model to analyze steady-state and transient behaviors of user mobility, the APs passed by
mobile users and the stay time in the future are predicted. PMCV in [9] is a community-
based VoD streaming solution over VANETSs, which groups the nodes with similar be-
haviors of playback and movement into the node communities. For the estimation of
similarity of movement behaviors, PMCV first makes use of the passed APs in the pro-
cess of vehicle movement to denote the movement trajectories of vehicles where the time
that the vehicles enter the coverage range of APs and the time that the vehicles stay in
coverage range of APs are recorded. The movement of any vehicle from an AP to anoth-
er AP is considered as a transition in the vehicle’s state. PMCV employs a Markov pro-
cess to describe the transition in state of vehicles and calculates the occurrence probabil-
ity of state transition. The similarity values of residence time in APs between vehicles
are calculated in terms of the recorded statistical information. PMCV constructs a matrix
of transition probability of vehicle state to predict the movement trajectories of vehicles
in the future. The historical and predicted movement trajectories of vehicles are used to
estimate the similarity of movement behaviors between vehicles where the similarity
values of residence time in APs are used to weight the mobility similarity between vehi-
cles. Cruces et al. proposed an estimation method for the possibility of opportunistic
encounters of vehicles in urban environment in order to promote data downloading effi-
ciency by leveraging the close geographical distance between the encountered vehicles
[10]. The APs passed by the vehicles are considered as the production phase of vehicles
and are used to denote the movement trajectories of vehicles. The historical movement
trajectories of vehicles are used to calculate the probability that the vehicles go through
APs. After the APs exchange the movement information of vehicles such as startup time,
speed and direction, they build a contact map to calculate the probability of vehicle en-
counter. Kim et al. built a mobility model from real user traces where the movement tra-
jectories of mobile users is constructed by the APs passed by the mobile users [12]. In
order to smooth the movement trajectories of mobile users, the authors employ triangle
centroid, time-based centroid and Kalman filter to accurately denote the location of mo-
bile users. Based on the accurate location information of mobile users, the authors extract
mobility characteristics in the movement traces of mobile users: pause time, speed, direc-
tion, start time, and end time and describe the characteristics of Hotspot regions in urban
environment. The mobility model is constructed and is used to calculate the movement
destination of mobile users in terms of the probabilities in the region transition matrix.
The most of the above methods for estimation of user mobility employ the defini-
tion of movement trajectories associating with the APs, which difficultly ensures the
geographical location of mobile users be accurately described. The inaccurate represen-
tation of movement behaviors easily results in large errors in the process of extraction of
movement patterns of mobile users, so that the accuracy of prediction results for move-
ment behaviors of mobile users in the future difficultly are ensured. Moreover, these
proposed methods neglect the random movement behaviors of mobile users. In fact, the
movement behaviors of mobile users do not always bring into correspondence with the
extracted movement patterns. The random movement behaviors also bring negative in-
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fluence for the mobility estimation of mobile users. The measurement for the mobility of
mobile users still is challenging.

3. MSMM DETAILED DESIGN

3.1 Representation of Movement Trajectory

The analysis for movement behaviors of mobile users is based on their movement
trajectories, so the accurate representation for the movement trajectories can promote
precision levels of extraction of mobility characteristics. The most of mobility estimation
methods employ the definition of movement trajectories associating with the APs. As Fig.
3 shows, because the RSU has large coverage area, the realistic geographical location of
vehicle A difficultly is described by the geographical location of the accessed RSU. The
inaccurate representation of geographical location does not accurately describe move-
ment behaviors of mobile users and reflect the intention of drivers in the process of se-
lection of movement paths of mobile users. In fact, the driver in the vehicle A makes the
decision for the following travel road in terms of the own travel destination and traffic of
roads. The accurate representation of geographical location instead of simple AP-based
representation can reflect the intention of mobile users in the process of generation of
movement trajectories.
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Fig. 3. Representation of movement trajec-  Fig. 4. Representation of movement trajectory asso-
tory associating with Aps. ciating with line segments.

The vehicles move along the roads in urban environment and the roads are divided
into multiple line segments. If the movement trajectories of mobile users are denoted by
the line segments associating with the roads, the movement trajectories can be clearly
described and the intention of driven route selected by the mobile users can be precisely
reflected. As Fig. 4 shows, the roads divide the urban area into multiple the sub-regions
and are named by the unique identifications where the horizontal and vertical roads are
labeled as “Street A, B, C” and “Street D, E, F”, respectively. If the beginning and end
parts of roads are located on boundary of urban area, they are considered as the vertex
and have the unique identifications. For instance, the beginning and end parts of street A
are named as “Spo” and “S,,”, respectively. The intersection of the two roads can be
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named by the identifications of two roads. The intersection of street A and D is named as
Sap. Based on the above naming method of roads, all roads are divided into one or mul-
tiple line segments which have the unique identifications. When a vehicle appears on a
line segment included in a road, the beginning part of the vehicle is denoted by the line
segment in terms of movement direction of the vehicle. For instance, because the vehicle
A moves from north to south and locates at the line segment composed of Sy and Sap,
the beginning location of the vehicle A is denoted as the line segment Lo op. Similarly,
the beginning location of the vehicle B is denoted as the line segment Lcp_.pp because
the vehicle B moves from south to north. There is a key problem of how to obtain accu-
rate geographical location of vehicle A and B. Massive researchers have proposed many
solutions related to the vehicle location [16-21]. We employ a simple method to recog-
nize the geographical location of vehicles in terms of the following three conditions.

(1) When a vehicle A has multiple one-hop neighbor nodes in the process of travel, the
geographical location of vehicle A can be calculated by the triangle centroid method [12].
If the vehicle A has the multiple one-hop neighbor nodes in the communication range, it
exchanges the geographical location information (coordinate) with all neighbor nodes
and calculates the geographical distance with the neighbor nodes. The vehicle A makes
use of the coordinate values of the two one-hop neighbor nodes (e.g. vehicle B and R)
which have the closet geographical distance with the vehicle A to refine the own geo-
graphical location according to the following equation.

o dppX +d pzx, +d px,
dAB +dAR +dBR (1

y
. _ dppy s+ d Vs +dpVe
dyp+d;+dy

A

Where (x4, y4), (xz, y3) and (xz, yr) are the coordinate values of vehicle A, B and R,
respectively; dyp, dsr and dpp are the Euclidean distance among vehicle A, B and R, re-
spectively; (x4, y"4) is the refined coordinate value of vehicle A.

(2) When a vehicle A has only a one-hop neighbor node, the geographical location of
vehicle A can be calculated by the line segment centroid method [12]. As the vehicle A
only has an one-hop neighbor node (vehicle B) in the communication range, it exchanges
the coordinate information with the vehicle B and calculates the centroid coordinate of
line segment composed of coordinate of vehicle A and B according to the following
equation.

x::xA"‘xB’ ;:yA+yB 2)

2 2
where (x4, ¥4) and (xp, yp) are the coordinate values of vehicle A and B, respectively; (x*A,
y",) is the centroid coordinate of line segment composed of coordinate of vehicle A and

B and is considered as the refined coordinate value of vehicle A.

(3) When a vehicle A does not have any one-hop neighbor node, the geographical loca-
tion of vehicle A is denoted by the GPS coordinate.
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Obviously, the location representation based on the GPS coordinate has the lower
accuracy than those of methods of triangle and line segment centroid; The triangle cen-
troid method has the higher accuracy than the line segment centroid method. Therefore,
the triangle centroid method should be preferentially used in the process of vehicle loca-
tion awareness in order to avoid the inaccurate description of vehicle location. Moreover,
in order to reduce the error of subjection relationship between vehicle location and line
segments in roads, the refined location of vehicles can be repeatedly sampled according
to the above three conditions. The sampled location of vehicles can be denoted as L={(x,
v, t) where x and y are the coordinate values of vehicle location and ¢ is the sampled time-
stamp. As Fig. 5 shows, the vehicle A has the six location sample data from #, to f,
which describes the movement trajectories of the vehicle A. The calculated location re-
sults of vehicle A do not always locate in the road range (e.g. sample data at #; and #s).
Therefore, we firstly define the invalid sample data according to the following rule.

Rule 1: If the vertical dimension from a sample data of vehicle location to the central

line in road is less than 3//2 where [ is the breadth of road, the sample results can be con-
sidered as a valid data.

J

Z Grid wiGrid I
|

Fig. 5. Multiple samples of vehicle location. Fig. 6. Grid-based space partition of road.

As Fig. 5 shows, the two sides of road have the two adjacent regions with / breadth,
respectively. 3//2 is the distance from the central line of road to the boundary of an adja-
cent region. The definition of adjacent regions is used to promote the fault-tolerant capa-
bility for the sample data of vehicle location. The sample location of a vehicle A forms a
set Si,.=(/1, b, ..., I;) and has a time sequence in terms of the timestamp. We employ a
simple projection-based movement direction measurement method to estimate conform-
ance levels between vehicle movement direction and road. Firstly, /; and /, form a line
segment and the projection length of the line segment to the central line of road is de-
fined as PLi,=|y,—yi| (e.g. the purple line segment in Fig. 5). Similarly, the projection
length of line segments composed of /; and other items in S, to the central line of road
can be obtained and the projection length set is defined as Sp; =(PL1y, PL13, ..., PLyy). If
the items in Sp; meet the linear increasing trend and all sample location is valid, the ve-
hicles move along the road and the movement trajectories of vehicles can be denoted by
the line segment of road. Therefore, the whole movement trajectories of vehicles are
considered as the set of line segments in roads in terms of the above method. For in-
stance, the whole movement trajectories of vehicle A can be defined as #74 = (Lpo_ap,
Lap—aE, Lag—BE, LeE—BF, LEFCF, Ler—r1), as shown in Fig. 4.
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3.2 Estimation of Road Traffic

There are multiple available travel paths from beginning point to ending point in
urban environment. When drivers determine the driving destination, they formulate the
unique travel plan from multiple candidate plans. The travel cost is very important in-
fluence factor for the formulation of travel plan and includes time and journey cost. For
instance, as Fig. 4 shows, Scp and S, are beginning and ending points of vehicle B, re-
spectively. The vehicle B locates at the midpoint in Lcp_pp and travels from south to
north. Therefore, the number of the shortest travel paths from Scp to Sy is 3 and each
shortest travel path includes the five line segments. If the vehicle B drives along any
shortest path, it can achieve the minimum journey cost. If the traffic congestion is ne-
glected and the three shortest paths have the same travel speed, the vehicle B which
drives along any shortest path can obtain the minimum time cost. However, the maxi-
mum travel speed allowed by all roads is different and all roads have different capacities
to return to normal traffic from traffic congestion. In fact, the traffic of roads is the de-
termining factor for travel speed and resilient capacities of roads. The vehicles unidirec-
tionally travel along the roads, namely the vehicles cannot optionally change the travel
direction. Therefore, the roads are considered as the closed conduits. In terms of traffic
definition of closed conduits in the hydromechanics, the traffic of any road L; can be
defined as:

N
2.
TR =N xv_,v =-<— A3)
‘ N,
where N, and v, denote number and average speed of vehicles which pull out cross sec-
tion of a road L; in unit time. The travel speed of all vehicles is in (0, Viyax] and vy is the
maximum travel speed allowed by the road L. The roads with high traffic support high
travel speed of vehicles, which reduces the time cost of vehicles; On the other hand, the
roads with high traffic allow more vehicles travel, which reduces the risk of road conges-
tion and promotes the resilient capacities of roads. In other words, the roads with high
traffic enable the more vehicles travel with high and stable speed. Therefore, the travel
plan of vehicles should includes as many roads with high traffic as possible. As Fig. 6
shows, a roads is considered as a closed conduit and is divided into # grids with the same
length and width, where the vehicles occupy much space in each grid and the distance
between front and later vehicles is d. N, can be defined as:

ch = kcs X ,D (4)
where k., is number of grids which pull out cross section of L; in unit time and p is num-
ber of vehicles included by a grid and is a constant. Because the volume of roads is lim-

ited, the number of vehicles accommodated by the roads is limited. The volume of a road
L, can be defined as:

I/i:]vixS\/—FSd (5)

where W, is the number of vehicles on the road L;; S, is the space occupied by a vehicle;
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N; xS, denotes the space occupied by all vehicles. S;=nxdx b denotes the space occu-
pied by spacing distance of vehicles. The number of vehicles accommodated by the
roads is related with the travel speed of vehicles. Firstly, in terms of the standard of
braking distance of vehicles, d can be defined as:

d=c; xV+eyxtxv (6)

where ¢, is the braking coefficient of vehicles and also is constant; ¢, is a constant, ¢ is
the response time of drivers and v is the travel speed of vehicles. If v=0, the value of d
also is 0 and S;=0. At the moment, the number of vehicles accommodated by L; can
reach the maximum value N,.. When the vehicles travel with the maximum speed al-
lowed by L; (v = vmax), d reaches the maximum value. However, N, reaches a critical val-
ue N.#0. If N; = N, N;xS,+nxdxb<V, where N; € (0, NJ] and v € (0, Vypsx]. In other
words, when N; € (0, N.], the variation of travel speed of vehicles is unrelated with the
variation of number of vehicles on Z; (namely all vehicles on Z; can travel with the maxi-
mum speed vy,.x). Therefore, the traffic of L; is related with the number of vehicles which
drive into L, in unit time. Let v, and N, denote the speed and number of vehicles which
drive into L; in unit time, respectively, where v, = vp... The traffic of L; can be defined as:

TRi:NexvmaxaM € (09 NL] (7)

where vy, is a constant. On the other hand, if N;e(N,, Nnax], there is the interactive in-
fluence between number and speed of vehicles on L,. In terms of mass conservation law
of the hydromechanics, the increment of traffic is the difference value between traffic
values of entering and leaving L;, namely N, X v,— Ny X v,=ATR;. If N,=N, and v,=v,,
ATR;=0. As we know, the vehicles pass through roads following the queueing process,
so the front vehicles have the conditionality for the latter vehicles. The speed of latter
vehicles always keeps the same change in terms of variation of speed of front vehicles.
The conditionality between vehicles also constantly transmit to the subsequent vehicles.
When the speed of vehicles which leave roads decreases, the number of vehicles which
leave roads in unit time also reduces. If the values of N, and v, are constant and N,> N,
V>V, ATR;>0, namely the number of vehicles on L; increases. Otherwise, the number
of vehicles which leave roads in unit time also increases with increasing speed of vehi-
cles. If the values of N, and v, are constant and N, <N, v, <v, ATR;<0, namely the
number of vehicles on L; decreases.

We discuss the representation of variation of traffic in terms of the conductivity of
variation of vehicles’ speed. In fact, the vehicles on roads can be considered as continu-
ous and homogeneous medium. When the front vehicles which locate at the road exit
change their speed (acceleration or deceleration) from v, to v, during a time period At,
the conductivity enables the sequent vehicles make the same change in the speed during
At. The traffic increment generated by the vehicles on roads can be defined as AN x v
where AN=N,— N, denotes the increment of number of vehicles leaving L; during At.
Moreover, the vehicles which drive into Z; during Az also change their speed from v, to
ves- The traffic increment generated by the new vehicles on roads can be defined as N, x
Av where Av = v,—v,,. Therefore, the increment of traffic of L, can be defined as:
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ATR,, = AN x v+ N, x Av (8)

where AN+ N, <Ny If vos=v, results in Av=0, ATR;= AN x v, denotes the traffic in-
crement generated by the all vehicles which change current travel speed. When the speed
of front vehicles reaches the same level with the new vehicles which drive into L;, the
new vehicles do not bring the increment of traffic. If v,;=0 results in Av=v,, ATR;=N, %
v, denotes the traffic increment generated by the new vehicles which drive into L;, When
the speed of front vehicles is 0, all sequent vehicles do not bring the increment of traffic.
However, the vehicles have a delay time to make the change in keeping with speed vari-
ation of front vehicles in the process of real travel. The speed of sequent vehicles does
not reach to v, during Az, namely Av#v,—v, and AN#N,—N,. In terms of vehicle fol-
lowing model [22], the variation of speed of sequent vehicles can be defined as:

_(1+Txn)
T

Av vy =v.) 9)

where T and 7 are relaxation time and response coefficient of the latter vehicles, respec-
tively. AN can be defined as:

AN=p/T (10)

where 1/T denotes the number of grids whose speed happens to change in unit time.
Therefore, the increment of traffic of L; can be re-defined as:

1
ATR,.=ANxAv+NexAv=(?p+Ne)xAv. (11)
By the combination of Egs. (7) and (12), the traffic of L, can be defined as:

Ny,..N €(O,N,_]

TR, = P . (12)

N,(v,—Av) —?Av, N, e(N_,N_.]

If the vehicles drive into L; with a constant speed and follow the Poisson distribu-
tion, v, is a constant and N, = A. If the difference of capacity between drivers is neglected,
T and 7 can be set a constant. After Eq. (9) is substituted into Eq. (12), the traffic of L; is
related with variation of v.,. By analysis for the historical travel records of vehicles on L;,
the average values of speed of vehicles which drive into and pull out Z; are considered as
the values of v, and v,. TR; can have numerical solution during different time interval.
The travel path which has the largest traffic among all shortest paths corresponding to
starting and destination points can be considered as the movement pattern of vehicles.
Let MPS=((Su, Doy TS,y TE4, Po), (Sbs Dy TSy, TEp, Pp), ...y (Sms Dy TSy TE,, Pr)) de-
note the movement pattern set of vehicles corresponding to combination results of all
starting and destination points during different time interval. S, and D, denote starting
and destination points of vehicles, respectively; 7S, and TE, denote starting and destina-
tion time, respectively; P, is movement pattern of vehicles.
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3.3 Recognition of Movement Patterns of Vehicles

The similarity estimation of movement behaviors between vehicles is the key factor
for node community construction and video provider discovery. If the movement behav-
iors of vehicles belong to the same movement patterns in the process of vehicle move-
ment, the movement behaviors of vehicles can be consistent with high probability. The
accurate recognition for movement patterns of vehicles can efficiently reduce error for
the consistency levels between movement behaviors of vehicles. There are the following
two context for recognition of movement patterns of vehicles.

(1) When the beginning and ending points of vehicles can be known in advance (e.g.
navigation), the movement patterns of vehicles easily are obtained by making use of the
beginning and ending points to search the corresponding items in MPS. For instance, the
two vehicle A and B have corresponding movement patterns #r, and trg, respectively.
The similarity of movement behaviors between them can be obtained according to the
following equation.

[trytrg|=s
D(L.
S = I ; (t l)b (13)
MAX[ Y D(L,), )’ D(L))]

e=1 c=1

where L;etraNtrg; |traNtrg| returns number of intersection between tra and frg; D(L;)
returns the distance of line segment L;; s is the maximum values of number of line seg-
ments in traNfrg which have been passed by vehicle A or B; | traNtrg |—s denotes the
surplus number of common line segments between vehicle A and B; a and b are the
number of line segments which have been passed by vehicle A and B, respectively; Sag
is the ratio between distance of common line segments of 774 and #g and maximum dis-
tance of line segments of tr, or trg. If Sap is equal or greater than the threshold value 7,
the vehicle A and B have similar movement behaviors; Otherwise, Sag < V" indicates that
the movement behaviors of vehicle A and B are dissimilar.

(2) If the beginning and ending points of vehicles cannot be known in advance (e.g. pri-
vacy protection), the recognition of movement patterns only relies on the prediction in
terms of current movement trajectories of vehicles. For instance, as Fig. 4 shows, the
vehicle A has moved from Sp, to Sag at #;. The movement pattern of vehicle A is limited
to a subset SMPSa of MPS in terms of ¢, and existing trajectory #'s =(Lpo—ap, LAD—AE)-
However, it is very difficult to only make use of #; and #r4 to accurately obtain movement
pattern of vehicle A. For instance, when the vehicle A moves to Sag, it may have many
destination points (e.g. Sgo, Sro, Sa1)- Therefore, the travel path which has the largest
traffic among all movement patterns corresponding to combination results of the begin-
ning point Sp, and all destination points is considered as the movement pattern of vehicle
A. For instance, the movement pattern of vehicle A can be defined as trpo_p;. If the
number of vehicles which move from multiple beginning points to Sag at #; is &, the
movement patterns of these vehicles can also be defined in terms of the above method.
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When the vehicle A moves to Sag at 71, the similarity values of movement behaviors be-
tween vehicle A and the k vehicles can be calculated according to Eq. (13). If the simi-
larity value Sac between vehicle A and a vehicle C is largest among the & vehicles and
Sxc>V, the vehicle A and C have similar movement behaviors; Otherwise, if Sxc <V, the
movement behaviors of vehicle A and C are dissimilar. When the vehicle A has the sim-
ilar movement behaviors with the vehicle C, the vehicle A can decide whether joining
into a community including vehicle C or fetching a video from vehicle C. If the vehicle
A finds that the vehicle C has left the own one-hop communication range in the process
of movement, it re-discovers the new vehicles with similar movement behaviors.

4. TESTING AND TEST RESULTS ANALYSIS

4.1 Testing Topology and Scenarios

We use the proposed estimation method MSMM of mobility similarity to replace
the estimation method of movement similarity in our previous work PMCV [9] (The new
video sharing solution is called “M-PMCV”). We compare the video sharing perfor-
mance of M-PMCV with the original PMCV. The two solutions M-PMCV and PMCV
are deployed in a VANET-based environment by making use of the NS2. The simulation
time is 500 s. We still employ the original settings of main simulation parameters in
PMCYV and the detailed settings are listed in Table 1. There are 300 mobile nodes in a
1000 m x 1000 m square area. The urban topology includes 4 horizontal and 4 vertical
streets where every street has two lanes in each direction and the 12 APs equipped with
IEEE 802.11p WAVE interfaces are deployed in VANET, as Fig. 7 shows. The four
roads: Lao—a1, Lpo—pi, Lro—gr and Lyg_p; allow that the maximum values of travel speed
of vehicles are 16 m/s and the braking length of vehicles on the four roads is 25 m; The
four roads: Lgo_g1, Lcooci, Lrowpr and Lgo_g; allow that the maximum values of travel
speed of vehicles are 12 m/s and the braking length of vehicles on the four roads is 15 m.
The cross section of each road includes the two vehicles in terms of different travel di-
rection, namely p=2.
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Table 1. Simulation Parameter Setting For VANET.

Parameters Values
Area 1000x1000 (m?)
Channel Channel/Wireless Channel
Network Interface Phy/WirelessPhyExt
MAC Interface Mac/802_11Ext
Bandwidth 25 Mbps
VANET Frequency 9.14 GHz
Multiple Access OFDM
Transmission Power 33 dBm
Wireless Transmission Range 250 m
Interface Queue Type Queue/DropTail/PriQueue
Interface Queue Length 50 packets
Antenna Type Antenna/OmniAntenna
Routing Protocol DSR
Mobile Speed Range [0,20] m/s
Network Layer Protocol IP protocol
Transport-Layer Protocol UDP
AP Bandwidth 625 kb/s
AP AP Transmission Range 250 m/s
AP Number 12

The VANET has 32 vertexes and the beginning and ending points of vehicles are
randomly assigned from the 32 vertexes. The length of every line segment in the 1000
m*1000 m square area is 200 m. The length of vehicles is defined as 4 m and the maxi-
mum value of number of vehicles accommodated by every line segment is 50, namely
Nmax = 50. We firstly generate 10,000 movement trajectories of vehicles by simulating
movement behaviors of 100 vehicles. After each vehicle is assigned the beginning and
ending points, the vehicle travels along the path which has the maximum cumulative sum
of speed of line segments in roads. If there are multiple candidate paths with maximum
cumulative sum of speed, the vehicle is randomly assigned a path in the candidate paths.
All vehicles drive into line segments with the maximum value allowed by the line seg-
ments. When the vehicles travel on line segments, they have behaviors of acceleration,
deceleration and stop according to the following model [22] where 7= 1 s and 7 = 0.1.
For instance, when the speed of a vehicle is decreased/increased, the vehicle immediately
moves in terms of the new speed during the assigned time period, namely the process of
acceleration and deceleration is not simulated. When the number of vehicles on line
segments reaches to the maximum value, the new vehicles which drive into the line seg-
ments stay at the entrance of line segments. The speed of vehicles is randomly regulated
in order to simply simulate acceleration and deceleration. We make use of the 10,000
movement trajectories are used to extract movement patterns of vehicles. We also gener-
ate 300 movement trajectories of vehicles. Before the vehicles travel, they are randomly
assigned the beginning and ending points and travel in terms of the movement patterns.
When the vehicles arrive at the assigned ending points, they use the ending points as the
new beginning points, their new ending points are re-assigned and continue to travel in
terms of the movement patterns corresponding to new beginning and ending points. The
300 mobile nodes in the VANET move in terms of the 300 movement trajectories.
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The media server has 30 Mb/s bandwidth and only stores a video and the length of
the video is 600 s. The video is divided into 20 chunks where the length of each chunk is
30 s. The 10,200 user viewing logs are generated according to the statistics of character-
istics of user playback behaviors in [23]. The 10,000 viewing logs are considered as his-
torical playback traces and are used to extract the playback patterns of users. The 200
mobile nodes join the system following a Poisson distribution from the simulation time 0
s to 300 s and play the video content according to the 200 viewing logs. When the mo-
bile nodes which have joined the system finish the playback for the whole video, they
quit the system. The rate of video playback of mobile nodes is 128 kb/s. In PMCV, the
value of threshold 77, is set to 0.5; The values of A4 and 6 are set to 50 and 60, respec-
tively; The influence factor x of time period of exchanging information between server
and broker nodes is set to 1; m is the degree of fuzziness and still is set to 2; The value of
o is set to 0.5. Moreover, the value of threshold 7 in M-PMCYV is set to 0.3.

4.2 Performance Evaluation

The performance of M-PMCYV is compared with PMCV according to startup delay,
packet loss rate (PLR), throughput and video quality, respectively.

(1) Startup delay: The time span from the time that the nodes send the request messages
to the time that the video providers receive the request messages is video lookup delay;
The time span from the time that the video providers send the video data to the nodes
receive the first video data is transmission delay of video data. The startup delay is com-
posed of delay of video lookup and transmission. The average startup delay (ASD) is the
mean value of startup delay of all nodes during a time span T or the number of request
nodes.

—6—PMCV
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—A—M-PMCV

Average startup delay (s)
Average startup delay (s)
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Simulation time (s) Number of request nodes

Fig. 8. ASD variation against simulation time. Fig. 9. ASD variation against number of re-
quest nodes

Figs. 8 and 9 show variation of the two curves corresponding to ASD results of
PMCYV and M-PMCYV with the increase in simulation time and number of request nodes,
where 7= 50 s and the number of request nodes is 20. As Fig. 8 shows, the blue curve
corresponding to M-PMCV’s ASD results has a fast rise from # = 0 s to # = 200 s, expe-
riences a relatively slow rise from ¢ =250 s to t = 450 s and finally has a fall from # =450
s to ¢t =500 s. PMCV’s curve has a relatively slow rise from ¢ =0 s to t = 150 s, keeps
fast increase from ¢ = 150 s to # = 350 s and starts to decrease from ¢ =450 s to =500 s
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after a slight fluctuation from z =350 s to = 450 5. M-PMCV’s red curve is higher than
that of PMCV from #= 0 s to £ = 150 s, but M-PMCV’s red curve is lower than that of
PMCYV and has lower increment and peak value than PMCYV from ¢ =200 s to £ = 500 s.

In Fig. 9, the red curve corresponding to M-PMCV’s ASD results has a fast rise
with the increase of number of request nodes from 0 to 80 and keeps a slow increase
with the increase in number of request nodes from 80 to 200. PMCV’s ASD results al-
ways keep a fast rise trend with the increase in number of request nodes from 0 to 200.
M-PMCV’s red curve is higher than that of PMCV with the increase in number of re-
quest nodes from 0 to 100, but the red curve corresponding to M-PMCV’s ASD results is
lower than that of PMCV and has lower increment and peak value than PMCV with the
increase in number of request nodes from 120 to 200.

The delay of video lookup and transmission determines startup delay of request
nodes. PMCV constructs node communities in terms of similarity of playback and mo-
bility between nodes. Because M-PMCV and PMCV have the same measurement meth-
od of similarity of playback behaviors (The measurement method of mobility similarity
of M-PMCV and PMCYV is different) and the nodes which have similar playback and dis-
similar mobility become associate members in communities, M-PMCV and PMCV con-
struct the same node communities. In other words, the number of ordinary and associate
members in the constructed communities of M-PMCV and PMCV may be different, so
the request nodes in the constructed communities of M-PMCV and PMCV may search to
the different video providers. Therefore, the transmission delay of request messages and
video data determines the difference levels of ASD performance of M-PMCV and
PMCV. At the beginning of simulation, the small number of nodes start to join the sys-
tem and request video content, they only obtain the video resources from the server.
Therefore, the ASD results of M-PMCV and PMCYV keep the low levels. With increasing
number of request nodes, the node communities are consecutively constructed in M-
PMCYV and PMCV and the nodes which have joined into the communities fetch the vid-
eo resources from video providers in communities. PMCV makes use of the AP passed
by vehicles to denote the movement trajectories of vehicles, so that the deployment
strategy of APs in VANET determines representation accuracy of movement behaviors
of vehicles. The deployment strategy of APs relies on coverage range and deployment
cost of APs. As Fig. 7 shows, the 12 APs can achieve the whole coverage for the 1000
m*1000 m square area, but it is difficult to ensure the accurate representation for the
movement behaviors of vehicles. For instance, when a vehicle A moves from Sk, to Sgo,
it accesses to the three APs: AP;, AP, and AP,. If another vehicle B moves from Sg, to
Sto, it also accesses to the three APs: AP, AP, and AP,. Therefore, PMCV does not ac-
curately describe the movement trajectories of vehicles. Moreover, PMCV makes use of
the Markov process to predict the movement behaviors of vehicles in the future and es-
timates similarity of movement behaviors of vehicles in terms of the predicted and his-
torical movement behaviors of vehicles. Because PMCV does not consider traffic of
roads and characteristics of movement behaviors of vehicles, the accuracy levels of pre-
dicted movement behaviors based on the Markov process is difficultly ensured. The in-
accurate representation of movement behaviors also results in low estimation accuracy of
mobility similarity between vehicles, which brings severely negative influence for com-
munity construction and provider selection. For instance, the low estimation accuracy of
mobility similarity between vehicles causes errors in community construction, so that
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some nodes may be the associate members in communities rather than the ordinary
members; If the relationship between the two nodes »; and »; are mistakenly measured to
the ordinary members and #; is selected as the video provider of #;, the transmission per-
formance of request message and video data is negatively influenced by the dissimilar
mobility of »; and n;. In particular, the transmission delay of request message and video
data may be lengthened with increasing movement speed of »; and n;. M-PMCV makes
use of the refined geographical location of vehicles to estimate subjection relationship
between vehicles and line segments in roads. The movement behaviors of vehicles can
be accurately described by the line segments in roads in terms of the calculated subjec-
tion relationship. By modeling road traffic and analysis of historical movement trajecto-
ries to extract movement patterns of vehicles, M-PMCV can accurately recognize the
movement patterns of vehicles according to characteristics of movement behaviors of
vehicles and makes use of the existing movement trajectories to calculate similarity of
movement behaviors between vehicles. The accurate representation of movement be-
haviors and the extraction and recognition of movement patterns can ensure the high
accuracy of similarity estimation of movement behaviors between vehicles. The accurate
estimation of similarity of movement behaviors between vehicles reduces the risk of
transmission delay jitter caused by variation of transmission paths of request messages
and video data with high probability. M-PMCYV can efficiently decrease the transmission
delay of request messages and video data. Therefore, the ASD results of M-PMCV are
better than those of PMCV with increasing simulation time and number of request nodes.

Packet loss rate (PLR): The packet loss rate is the ratio between number of video data
received by video requesters and total number of video data sent by video providers. The
mean value of PLR of all nodes during a time interval 7 or with the increase in the num-
ber request nodes is defined as the average PLR.

Figs. 10 and 11 show the variation of PLR results of PMCV and M-PMCV with the
increase in simulation time and number of request nodes, where 7= 50 s and the number
of request nodes is 20. As Fig. 10 shows, PMCV’s blue curve keeps a fast rise trend
from =0 s to =350 s and has a relatively severe fluctuation from ¢ =350 s to # = 500 s.
M-PMCV’s red curve experiences a fast rise trend from ¢ = 0 s to £ = 350 s and has a
slight fluctuation from ¢ = 350 s to £ = 500 s. M-PMCV’s PLR results are higher than
those of PMCV at t=50s, t = 100 s and ¢ = 250 s, but M-PMCV’s PLR results are less
than those of PMCV during other time period. M-PMCV’s peak value (0.435 at = 500 s)
is less than that of PMCV (0.507 at ¢t = 450 s). As Fig. 11 shows, PMCV’s blue curve
experiences a fast rise with increasing number of request nodes from 0 to 100 and keeps
slow increase with increasing number of request nodes from 100 to 200. M-PMCV’s red
curve has a fast rise with increasing number of request nodes from 0 to 120 and slowly
increases with increasing number of request nodes from 140 to 200 after a slight fall.
When the number of request nodes is 20, 40 and 180 respectively, M-PMCV’s PLR re-
sults are larger than those of PMCV; In other cases, M-PMCV’s PLR results are less
than those of PMCV. M-PMCV’s peak value is less than that of PMCV when the num-
ber of request nodes is 200.

The 200 mobile nodes join the system and request video content from =0 s to =
300 s following the Poisson distribution. Initially, the small number of nodes start to re-
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Fig. 10. PLR variation against simulation time. ~Fig. 11. PLR variation against number of re-
quest nodes.

quest video, so the VANET has relatively enough bandwidth to meet the demand of low
video traffic. There are the low PLR values in PMCV and M-PMCV. With the fast in-
crease in the number of request nodes, the increasing video traffic consumes large
amount of network bandwidth in VANET, which results in the network congestion. The
network congestion leads to large number of video data loss. For instance, as Fig. 10 and
Fig. 11 show, the PLR results of PMCV and M-PMCV quickly increase with the in-
crease in simulation time and number of request nodes. PMCV and M-PMCYV rely on the
similar movement behaviors between vehicles to achieve traffic offloading in underlay-
ing network, which reduces traffic load of core networks. PMCV makes use of the APs
passed by vehicles to describe movement trajectories of vehicles. The AP-based repre-
sentation of movement trajectories does not accurately describe the movement behaviors
of vehicles, which brings the error between realistic and described movement trajectories.
The error leads to the low estimation accuracy of similarity of movement behaviors be-
tween vehicles, which results in the increase of probability that the video requesters se-
lect the video providers with dissimilar movement behaviors. The dissimilar movement
behaviors may lengthen the geographical distance between video requesters and provid-
ers, which increases the risk of video data loss. Moreover, the dissimilar movement be-
haviors also lead to increasing number of relay nodes between video requesters and pro-
viders, which increases consumption of network bandwidth and easily causes network
congestion. The high-level network congestion leads to the large amount of video data
loss. By estimation of subjection relationship between geographical location of vehicles
and line segments in roads, M-PMCV makes use of the line segments in roads to accu-
rately represent the movement trajectories of vehicles, which efficiently supports accu-
rate estimation for similarity of movement behaviors between vehicles. By estimation of
road traffic and analysis for the historical movement trajectories of vehicles to extract
movement patterns of vehicles, M-PMCYV can efficiently recognize movement patterns
of vehicles and accurately measure similarity of movement behaviors between vehicles.
The accurate measurement for similarity of movement behaviors between vehicles can
make the video requesters selecting the video providers which have similar movement
behaviors with high probability, which can efficiently decrease number of relay nodes in
the transmission paths between video requesters and providers to support video traffic
offloading in underlaying network. Therefore, M-PMCV has relatively lower levels of
network congestion than those of PMCV, so that the PLR results of M-PMCYV are better
than those of PMCV.
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Average throughput: The scale of video data received by the request nodes can be de-
fined as the product between number and size of received video data. The ratio between
scale of video data received by all request nodes and a certain time period 7 is used to
denote the total system throughput; The ratio between scale of video data received by the
request nodes and the corresponding number of request nodes is used to denote the av-
erage throughput.
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Fig. 12. Total system throughput variation against Fig. 13. Average throughput variation against
simulation time. number of request nodes.

Fig. 12 shows the variation of total system throughput of PMCV and M-PMCV
with increasing simulation time, where 7= 25 s. In Fig. 12, the blue curve corresponding
to PMCV’s results has a fast increase from ¢ =0 s to t = 275 s, starts to fall from =275 s
to £ =350 s and keeps a relatively severe jitter from ¢ =350 s to £ = 500 s. PMCV’s blue
curve reaches the peak value (15613.44 kb/s) at ¢t = 275 s. The red curve corresponding
to M-PMCV’s results quickly increases from ¢ =0 s to ¢ = 325 s and keeps a slight fluc-
tuation from ¢ = 350 s to ¢t = 500 s after a transitory fall from ¢ = 325 s to ¢ = 350 s.
M-PMCV’s red curve reaches the peak value (15999.36 kb/s) at ¢t = 300 s. M-PMCV has
the longer time period of increasing throughput than that of PMCV and also has the
larger peak value than that of PMCV. Fig. 13 shows the variation of average throughput
of PMCV and M-PMCYV with increasing number of request nodes. The blue bars corre-
sponding to PMCV’s results keep a decrease trend with the increase in number of request
nodes from 20 to 100 and have a slight fluctuation with the increase in number of request
nodes from 120 to 200. The red bars corresponding to M-PMCV’s results also have a fall
process with the increase in number of request nodes from 20 to 100 and keep a slight
fluctuation with the increase in number of request nodes from 120 to 200. Although
M-PMCV’s average throughput values are lower than those of PMCV when the number
of request nodes is 20, 40 and 180 respectively, the performance of M-PMCV’s average
throughput is better than that of PMCYV in other cases.

In PMCV and M-PMCYV, the mobile nodes join into the system and request video
content following a Poisson distribution from ¢# = 0 s to # = 300 s. With increasing num-
ber of request nodes, the video traffic in network fast increases (The two curves corre-
sponding to PMCV and M-PMCYV keep the fast rise trend from # =0 s to =275 ). The
increase in video traffic also brings the heavy load for the network and causes local net-
work congestion. After ¢ = 300 s, the 200 request nodes search and fetch video content,
so that the network congestion caused by huge video traffic results in large-scale loss of
video data. The total system throughput of PMCV and M-PMCV decreases and keeps
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fluctuation from ¢ = 300 s to ¢t = 500 s. Fig, 13 also shows the increasing video traffic
brings the negative influence for the average throughput of every node. When the num-
ber of request nodes fast increases, the average throughput of PMCV and M-PMCV
keeps the fast decrease. If the transmission paths of video data between video requesters
and providers have many relay nodes and multiple transmission paths go through the
same relay nodes, the bandwidth of relay nodes is quickly consumed, which results in the
local network congestion and causes large amount of video data loss. PMCV and
M-PMCYV want to make use of the similarity of movement behaviors between video re-
questers and providers to achieve traffic offloading in underlay network. This is as the
similar movement behaviors between video requesters and providers can reduce the geo-
graphical distance and decrease the number of relay nodes in transmission paths. PMCV
employs the AP-based representation method of movement trajectories of vehicles,
which difficultly ensures the movement behaviors of vehicles be accurately described.
Moreover, PMCV models the movement behaviors to a Markov process, which predicts
the movement behaviors of vehicles in the future. The inaccurate representation of
movement behaviors of vehicles increases the error of prediction results of movement
behaviors between vehicles with high probability. On the other hand, PMCV neglects the
characteristics of movement behaviors of vehicles, which results in the low prediction
accuracy of movement behaviors. In PMCV, the video requesters select the providers
which have the dissimilar movement behaviors with high probability, which easily re-
sults in the video transmission with long geographical distance. Therefore, the severe
network congestion in PMCYV results in large amount of video data loss and low system
throughput and average throughput. M-PMCV employs the representation method of
movement trajectories of vehicles based on line segments in roads. The accurate repre-
sentation for movement trajectories of vehicles can efficiently support the accurate esti-
mation of similarity of movement behaviors between vehicles. By estimation of road
traffic and investigation for the characteristics of movement behaviors of vehicles,
M-PMCYV extracts and recognizes the movement patterns of vehicles and further calcu-
lates the similarity of movement behaviors between vehicles. Therefore, in M-PMCV,
the video requesters can select the nodes which have similar movement behaviors as the
providers with high probability, which relieves network congestion level and reduces
number of lost video data. Therefore, the throughput performance of M-PMCYV is better
than that of PMCV.

Video quality: The Peak Signal-to-Noise Ratio (PSNR) is used to denote the video
quality of PMCV and M-PMCYV [24]. The PSNR can be defined as:

MAX Bit (14)
J(EXP_Thr—CRT _Thry’

PSNR =20-log,,(

where EXP_Thr and CRT Thr are the expected average throughput and actual measured
throughput, respectively; MAX Bit denotes the average bitrate of the video stream. The
values of MAX Bit and EXP_Thr are set to 128 kb/s in terms of the simulation settings.
The PSNR of every request nodes is considered as average PSNR.

Fig. 14 shows the PSNR variation of PMCV and M-PMCYV with increasing number
of request nodes. The blue bars corresponding to the average PSNR values of PMCV
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Fig. 14. Average PSNR variation against number of request nodes.

have a fast fall with the increase in number of request nodes from 0 to 100 and keep a
slight jitter from 120 to 200. The red bars of M-PMCYV also have the same variation with
PMCV, namely slight jitter from 120 to 200 after a fast decrease from 0 to 100. Although
M-PMCV’s average PSNR values are lower than those of PMCV when the number of
request nodes is 20, 40 and 180 respectively, M-PMCV’s average PSNR values are
higher than those of PMCV in other cases.

The average PSNR indicates that the experience quality of each request node in the
process of watching video. The larger the PSNR value is, the better the watched quality
of users is. The performance of PSNR is related to playback rate and PLR. The high
playback rate denotes the request nodes need to receive large amount of video data to
support smooth and high-definition playback. However, the high playback rate requires
more network bandwidth, which increases the network congestion levels. The high PLR
indicates that the request nodes do not receive enough video data to support smooth
playback, which brings severely negative influence for the viewing quality of users. In
PMCYV, the low accuracy for the similarity estimation of movement behaviors between
vehicles results in relatively high PLR, so that PMCV’s PSNR values quickly decrease
and finally keep fluctuation at low levels. In M-PMCYV, the accurate similarity estimation
of movement behaviors between vehicles efficiently supports video delivery with close
geographical distance to reduce PLR. Although M-PMCV’s PSNR results also quickly
decrease, the decrement is relatively low and has a fluctuation at relative high levels.
Therefore, the performance of M-PMCV’s average PSNR is better than that of PMCV.

5. CONCLUSIONS

In this paper, we propose a novel mobility similarity measurement method to in-
crease the performance of community-based video delivery in VANETs (MSMM).
MSMM refines vehicle geographical location and uses the line segments in roads to de-
scribe the movement trajectories of vehicles by estimation of subjection relationship be-
tween vehicle location and roads. MSMM constructs an estimation model of traffic of
road in terms of the hydromechanics and the vehicle following model and extracts the
movement patterns of vehicles by analysis for the historical movement trajectories of
vehicles to calculate traffic of roads. MSMM recognizes the movement patterns of vehi-
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cles in terms of current movement trajectories of vehicles and uses the recognized pat-
terns to calculate the similarity of movement behaviors between vehicles. MSMM is
used to replace estimation component of similarity of node mobility in our previous work
PMCYV and construct a new video sharing solution (called “M-PMCV”) in VANET. The
simulation results show that M-PMCV achieves lower startup delay, lower packet loss
rate, high throughput and high video quality than PMCV.
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