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1

In urban scenario, the imbalanced spatial distribution of traffic flow exerts an important
influence on the performance of communication between vehicles and the Roadside Unit
(RSU). This paper presents a strategy for RSUs placement based on the road traffic
characteristics, aiming at improving connectivity in vehicular ad hoc networks. To divide the
coverage area of each RSU, we propose an Expansion and Coloration Algorithm (ECA). The
average connectivity model for all vehicles in the network is established based on the results
obtained from ECA. The RSUs placement problem is formulated as a combinatorial
optimization problem, of which the objective is to maximize the average connectivity
probability by searching for an optimal position combination of the given RSUs. Taking part
of an actual urban road network as an example, the RSUs placement problem is calculated
and the optimal placement scheme is evaluated. Simulation results show that the optimal
placement scheme obtained from our strategy leads to the best connectivity compared to
uniform placement and hot-spot placement.
Keywords: VANET, RSUs Placement, Expansion and Coloration Algorithm, Average
Connectivity Probability, Combinatorial Optimization Problem

1. Introduction
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Vehicular Ad-hoc Network (VANET) is an instantiation of Mobile Ad-hoc Network
(MANET) which consists of two kinds of components: moving vehicles and fixed Roadside
Units (RSUs). It is a hybrid wireless network that supports both infrastructure-based and ad
hoc communication modes. Increased performance and proliferation of wireless
communication devices, coupling with communication needs caused by the rapid
development of urban traffic, make VANET the most promising application-oriented network
solution for a plethora of applications such as enabling automotive safety, traffic congestion
prediction, mitigation and dissemination.
According to its setup and provision of services, VANET can be categorized into three
types: Vehicle to Vehicle communication (V2V), Vehicle to RSU communication (V2R) and
RSU to RSU communication (R2R). V2V and V2R are based on wireless communication
technologies by the form of single-hop or multi-hop network, while R2R is in the form of
wired or wireless communication. The main function of RSUs is to support messages
exchange in the frequent partitioning environment of VANET. Using forwarding function of
a RSU and the backbone established by R2R, connectivity of links will less degrade even
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though the topology is highly dynamic, especially when there is a long distance between the
source node and the destination region. What’s more, RSUs also provide access points to the
Internet and to the infrastructure of other ITS applications such as transportation data
collection and aggregation in traffic information system [1]. The RSU plays a crucial role in
VANET and other ITS applications.
It is hard for each vehicle to be connectivity to at least one nearby RSU. There are two
reasons. On one hand, compared to the whole urban road network, the coverage of each RSU
is relatively small. Taking IEEE802.11p standard as an example, which is used as the
groundwork for Dedicated Short Range Communications (DSRC) in ITS, the max
communication range is only about 1000m. What’s worse, wireless signal may be blocked by
objects such as city buildings. As a result, the number of vehicles which are able to connect
with RSU in one hop is relatively limited. A majority of vehicles should take advantage of
multi-hop relaying via other vehicles to reach the coverage of an RSU. On the other hand,
there is an objective reality that spatial distribution of traffic flow in urban road network is
imbalanced. Roads that are covered with more vehicles can form hot spot regions, while roads
with less vehicles will degrade the connectivity of the multi-hop path between a vehicle and a
RSU. Influenced by infrastructure cost, it is impossible to deploy a large number of RSUs.
Therefore, a reasonable placement strategy of RSUs, which fully considers traffic distribution
regularities, can not only maximize the network connectivity but also reduce cost.
Urban traffic flow has features of imbalances in both time and space scales, which can be
analyzed in a statistical way. Considering the road characteristics, this paper presents a
connectivity-based strategy for RSUs placement in situation of imbalanced traffic spatial
distribution. We study the placement of roadside units by formulating it as a combinatorial
optimization problem, of which the optimization objective is the maximum average
connectivity between vehicles and their nearest RSUs. The main contributions of the paper
are as follows:
①On condition that each vehicle establishes communication link with their nearest RSU, a
coverage area division method named Expansion and Coloration Algorithm (ECA) is
proposed. Using ECA, the nearest road segments that are under the coverage of a certain RSU
in the 2-D vehicle network can be identified.
②The average connectivity model is built based on diverse traffic characteristics of road
segments such as vehicle density and road length. Given a certain number of RSUs and some
candidate locations, we formulate the RSUs placement problem as a combinational
optimization problem. The optimization aims to find a placement scheme that can achieve the
maximum average connectivity for all vehicles.
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③The proposed model is solved by using genetic algorithm. A simulation is also given to
validate the performance of our method. Compared to the uniform placement and hot-spot
placement, it yields higher connectivity.
The remainder of this paper is structured as follows. In Section 2, we introduce related
work on the RSUs optimal placement research in VANET. Section 3 presents an expansion
and coloration algorithm to divide the coverage area of each RSU in certain vehicular
network. In Section 4, the average connectivity model and the optimization scheme are
proposed. In Section 5, we present and discuss the results of a simulative evaluation in an
actual city scenario road network. Finally, we make a conclusion and discuss the future work.
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2. Related Work
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RSU is a critical component of VANET. It brings in significant improvement in the
connectivity, routing and transmission delay of communications [2-4]. RSU study in VANET
can be divided into three aspects: RSU configuration setting, data access scheduling and
location placement. RSU configuration includes transmission power level, antenna type,
back-bone network connectivity options et.al. RSU configuration research refers to the
selection of optimal configuration settings based on surrounding environment, traffic density,
network connection offerings and the overall cost [5]. RSU data access scheduling research
mainly focuses on the design of effective scheduling algorithm for the RSU server, as well as
the building and switching of the connection between vehicles and the RSU. With an optimal
scheduling scheme, a RSU can better deal with the data access request, bringing in higher
channel utilization and lower waiting delay [6, 7]. The RSUs placement research aims to
construct an economical yet efficient vehicular network by making an optimal location deploy
scheme in the frequent partitioning network. Here we summarize the development of RSUs
placement research.
The most accessible RSUs placement methods are the uniform placement and the hot-spot
placement [8]. Uniform placement means that the RSUs are placed uniformly according to the
geometry of the road network. While for hot-spot placement, RSUs are placed in the regions
with higher importance such as locations of heavy traffic flow, frequent occurring accidents
and especially requiring stricter coverage. However, these methods cannot get an exact
optimal scheme. Recently, a number of researchers and institutes have been proposed to look
for the optimal placement strategies of RSUs in VANET, conducting to improve the network
performance, such as coverage, throughput, transmission delay and connectivity in different
scenarios.
Regarding the coverage problem of RSU, Dubey B B et al., in [9] propose that, compared
to the corner of the intersection, the coverage will increase by nearly 15% if a RSU is placed
in the center location, which has a significant impact on dissemination capacity of VANET.
Liang Y S et al., [5] inform that there is non-linear relationship between the cost and the RSU
requirement, which is defined as the percentage of streets that are within the service range of
RSUs. They also give a minimum cost scheme for the placement and configurations of RSUs.
Rebai M et al., [10] develop an exact method for the 2-D coverage problem in hybrid
VANET, which composes of both sensors and RSUs. Based on mathematical linear
programming formulation, the proposed method can provide a solution for permitting an
optimal placement of RSUs and sensors.
In order to maximize the throughput of VANET, Malandrino F et al., in [11] present the
relationship between average per-downloader throughput and the number of access points
provided by RSUs. They also get a conclusion that a density-based RSU access points
placement yields performance close to the optimum. Wu T J et al., [8] present a RSUs
placement model in highway-like scenario VANET. They take into account the impact of
wireless interference, vehicle population distribution, and vehicle speed, and formulate the
placement problem via an integer linear programming model. The strategy leads to good
performance in throughput as compared to the uniform placement and the hot-spot placement.
Many achievements have been proposed to minimize transmission delay by deploying
RSUs optimally. Taking into account the randomness of vehicle data traffic and the statistical
variation of the disrupted communication channel, Abdrabou A and Zhuang W H [12] present
an analytical framework. By employing the effective bandwidth theory and the effective
capacity concept, the maximum distance between RSUs that stochastically limits the worst
case packet delivery delay to a certain bound is obtained. Aslam B et al., [13, 14] study the
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optimization problem in context of VANET applications that depend on flow of information
from vehicles to roadside units both in highway and urban environment. They present two
optimization methods, analytical Binary Integer Programming (BIP) method and novel
Balloon Expansion Heuristic (BEH), for the placement of RSUs to find a solution which has
the minimum average response time. Lochert C et al., [1] propose a genetic algorithm which
is able to identify good positions for static roadside units in order to cope with the highly
partitioned nature of VANET. The object function of the algorithm is based on travel time
savings.
There are also some literatures writing about the placement of RSUs for improving
network connectivity. For example, Lee J and Kim C M [15] propose a RSUs placement
scheme for vehicular telematics networks, aiming at improving connectivity and reducing the
disconnection interval for the given number of roadside units, the transmission range, and the
overlap ratio on a certain road network. Each intersection is considered as a potential RSU
location and the optimal locations are selected based on the number of vehicle-reports.
However, location report is the only parameter in the model. Other traffic parameters such as
vehicle density, which will exert an important effect on connectivity, are not considered.

3. Coverage Area Division
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In this section, we divide the coverage area of each RSU. In VANET, the longer the
distance between the source node and the destination node, the more uncertain the road
condition expresses, and the less reliable a communication link performs. On condition that
each vehicle selects the Euclidean-nearest RSU to connect with, the RSU should cover a
minimum desired area of streets. We present a method named Expansion and Coloration
Algorithm (ECA) and our objective is to identify the minimum separate coverage areas of
RSUs.
In ECA, each RSU has a unique color identification to represent road segments in its
coverage. In order to facilitate analysis, we make discretization of road network structure by
dividing all road segments equally into cells. In the 2-D space constrained by the road
topology, suppose that there are boundaries around every RSU and they are capable of
expanding to follow the road network. All boundaries expand independently at a same speed,
for example, one cell per time step. Once a cell is traversed by a RSU boundary, it will be
painted the matching color of the RSU. All RSUs’ expansion and coloration processes start at
the same initial time and will finish when all cells in the network are colored.
Given a certain region of urban road network, let S be the set of road segments in the area.
Suppose there are N RSU RSUs placing in the network. Based on the assumption that a vehicle
only selects the nearest RSU to connect with, we can formulate the problem as separating S
into N RSU subsets satisfying the following conditions:

Si

S j  , S1

Si

S NRSU  S , (i, j  1 ~ N RSU ; i  j )

(1)

Where Si denotes the road segments set covered by the i th RSU. Compared to other RSUs,
vehicles in these road segments are able to connect with the i th RSU through the shortest
route.
The notions used in ECA in this section are summarized as follows:

t : time step of the algorithm;

94

Copyright ⓒ 2014 SERSC

International Journal of Hybrid Information Technology
Vol.7, No.1 (2014)

U i (t ) : cells which are under the coverage of i th RSU at time step t , when the algorithm
finishes, cells in U i (t ) will make up road segments in Si ;
U i (t ) : new cells in U i (t ) compared to U i (t  1) ;

Ri (t ) : neighbors of U i (t ) . If a cell is in the middle of a road, its neighbors are the two
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adjacent cells both upstream and downstream of the road. While a cell locates at the
intersection, its neighbors are the adjacent cells on different directions. Neighbors of a cell are
shown in Figure 1.

Neighbors of k

Figure 1. Neighbors of a cell

R 'i (t ) : uncolored cells in Ri (t ) ;

Ci : color identification of i th RSU, coverage areas of different RSUs are represented by
different colors.

At the beginning of our algorithm, at t  0 time step, all cells are uncolored and U i (0) is
the location of each RSU. RSUs get their neighbors Ri (0) and R 'i (0) according to their
locating cells. At t  1 time step, expansion and coloration start. Color cells in R 'i (t ) Ci ,
meanwhile, let

Ui (1)  Ui (0) R 'i (0) , Ui (1)  Ui (1)  Ui (0) .

(2)

Further work is to be done to identify neighbors Ri (1) of U i (1) and uncolored cell

ok

R 'i (1) in Ri (1) . As the parameter t increases, the above-mentioned process is repeated until
R 'i (t )   , reaching the end of expansion and coloration of i th RSU. At this moment, cells

Bo

in U i (t ) are all colored Ci . Cells in U i (t ) make up the coverage area of the i th RSU Si .
When all RSUs reach an end of the expansion and coloration process, the algorithm finishes.
Using ECA, coverage areas division based on the shortest routes of RSUs can be achieved.
The ECA for dividing coverage areas of RSUs is given in Figure 2.
Using ECA, we select part of the road network in Jinan, Shandong Province, China, which
is shown in Figure 3(a), as an example to divide overage areas of RSUs. Suppose there are
four RSUs in the network and the locations of them are P1, P2, P3 and P4 respectively. We
simply use RSU(i) (i=1,2,3,4) to present the four RSUs. When all RSUs finish expansion and
coloration, the coverage area of each RSU can be shown in Figure 3(b).
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1. begin
2. t  0
3. U i (0)  U i (0) ←locating cell each RSU
4. all cells in network are uncolored
5. while ( U1 (t )   or
or U i (t )   or
U NRSU (t )   ) do
6.
for i  1:1: N RSU
7.
if U i (t )   do
8.
Ri (t ) ←neighbors of U i (t )
R 'i (t ) ←uncolored cells in Ri (t )
9.
10.
color cells in R 'i (t ) Ci
11.
Ui (t  1)  R 'i (t )
12.
Ui (t  1)  Ui (t ) Ui (t  1)
13.
end
14.
end
15.
t  t 1
16. end
17. for i  1:1: N RSU
18.
Return ( U i (t ) )
19. end
20. end
21. end

Figure 2. Expansion and coloration algorithm

P1

P2

RSU(1)

RSU(3)

P3

RSU(4)

Coverage of RSU(1)

Coverage of RSU(3)

Coverage of RSU(2)

Coverage of RSU(4)

P4
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RSU(2)

(a) Street map

(b) Coverage area division results

Figure 3. Coverage area division using ECA

4. Problem Formulation
In this section, we formulate the placement of RSUs as an optimization problem, of which
the objective function is the average connectivity. The average connectivity model is
established based on the statistical features of traffic flow. We study the case that traffic on
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roads is free-flow, i.e. vehicles are uniformly distributed on roads and influences caused by
traffic lights are left out of consideration.
4.1 Connectivity of road segment
Yang Q et al., [16-18] propose a cell-based connectivity model of road segment. We use it
to establish our average connectivity model. Suppose there are nveh vehicles on a road
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segment with nlane lanes and L length. The road segment is divided equally into ncell cells,
the length of which is set as the average length of vehicles, for example, d  5m and
ncell  L / d . In this case, each vehicle can occupy only one cell and each cell has two states:
occupied and empty. What is the probability that the distance between any two neighboring
nodes is shorter than the communication range R  n0 d , i.e. there are no more than n0
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successive empty cells on the road. The number of empty cells is ncell  nveh in one-lane

scenarios, and ranges from ncell  nveh to ncell  nveh / nlane  in multi-lanes scenarios. With
the assumption of uniformly distributed vehicles, the probability that the link between two
sides of the road segment is connected becomes:

p  1  pdis  1 

max( ncell  nveh / nlan  , n0 )



k  max( ncell  nveh , n0 )

p{ (nveh , ncell )  k} p{ (ncell , k )  n0} . (3)

Where p{ (nveh , ncell )  k} denotes the probability that there exists exactly k empty cells. It
can be calculated by formula (4) and (5).
ncell

p{ (nveh , ncell )  0}   C
l 0

p{ (nveh , ncell )  k}  C

k
ncell

(1)

l
ncell

C(nnvehcell k ) nlane
veh
Cnncell
nlane

l

C(nnvehcell l ) nlane

.

veh
Cnncell
nlane

p{ (nveh , ncell  k )  0} .

(4)

(5)

p{ (ncell , k )  n0 } denotes the probability that there is more than successive n0 empty cells
on condition that there is empty k cells on the road segment. It can be calculated by formula
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(6).
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p{ (ncell , k )  n0 }  1 



i  k  n0

c i  cell
n

k

.

(6)

k
ncell

C
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Where the c i 

t 1

can be calculated as follows:
min{i ,t n0 }

t 1
t
c
i

c j

 
j  max{0,i  n0 }
.

 1
c i   1 (i  0,1, , n0 )

(7)

Given the vehicle density, together with length and number of lanes of the road segment,
we can get the connectivity on the segment through the aforementioned formulas. Simply, we
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use a function f to replace the relationship between connectivity probability and parameters.
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p  f (nveh , ncell , nlane ) .

(8)

Where nveh , ncell and nlane respectively represents number of vehicles, cells and lanes of a
road segment.
4.2 The average connectivity for RSUs placement

We make an assumption that there are N RSU RSUs deploying in a certain region of urban
road network. For the i th RSU, it serves N seg (i) road segments with Nveh (i) vehicles in the
coverage area, which can be obtained using ECA. It is important to note that road segments
mentioned in our work include two different kinds: the complete road segment between two
adjacent intersections, and the sub-segment which is part of the complete road segment. The
sum of probabilities for all vehicles connecting with the i th RSU can be calculated by
formula (9).

PRSU (i) 

N seg ( i )


j 1

i
Pseg
( j) .

(9)

Where Pseg ( j ) denotes the sum of probabilities of vehicles in the j th road segment.
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The average connectivity probability of all vehicles in the given road network can be
calculated by formula (10).
N RSU N seg ( i )

N RSU

p

P

i 1
N RSU

RSU

N
i 1

veh

(i )

(i )

 
i 1
j 1
N RSU

N
i 1

i
Pseg
( j)

.
veh

(10)

(i )

i

Now we will analyze the solution of Pseg ( j ) in different situations. As previously
i
mentioned, Pseg ( j ) denotes the sum of probabilities of vehicles in the j th road segment, one
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of the road segments is served by the i th RSU. According to the relative positions between
the vehicle and the RSU, we classify communications into two situations: directly connecting
in the case that vehicles and the RSU are in the same road segment, indirectly connecting in
the case that vehicles and the RSU are distributed in different road segments.
For the i th RSU, we make an assumption that the number of lanes in the j th road
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i
i
i
( j ) , the length is ncell
( j ) and the vehicle density is nveh
( j ) . The vehicle
segment is nlane
density can be acquired according to the statistical number of vehicles in a certain period of
time. We also give a stipulation that all cells in the road segment are numbered consecutively,
and we define the smaller number as the upstream direction and the larger number as the
downstream direction.

A. Directly connecting situation
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Since wireless signal may be blocked by objects, an intersection acts as an inflection point
when selecting the multiple hop transmission paths. In directly connecting situation, vehicles
and the RSU are in the same road segment, passing no inflection points. Choosing the cell
where the RSU locates as the boundary point, the road segment in directly connected situation
is divided into two sub-segments according to relative directions between vehicles and the
RSU. The connectivity probability calculation for each sub-segment is carried on separately.
Taken the scenario shown in Figure 4 as an example, of which the RSU is deployed at y cell
i

and vehicles are at the upstream direction of the RSU, we present the solution of Pseg ( j ) .
Communication Path

p(k , y )

k

1

…

2

…

k

y

RSU

y

…

i
ncell
( j)

road segment j

Figure 4. Indirectly connecting situation

ok

Regarding vehicles at k cell in the segment, the communication path is established on the
sub-segment from k cell to y cell. Based on the precondition that vehicles are uniformly
distributed on the road, parameters of the sub-segment k  y can be acquired as follows:

Bo

j
i
Number of lanes: nlane (k , y)  nlane ( j ) .

y  k
Number of cells: n (k , y )  
k  y
j
cell



j
i
Vehicle density: nveh (k , y )   nveh ( j )
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Vehicles are at the upstream direction of the RSU
Vehicles are at the downstream direction of the RSU
j
ncell
(k , y ) 
.
i
ncell ( j ) 
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According to formula (8), the connectivity probability of data transmitting between
vehicles at k cell and the RSU at y cell can be calculated by formula (11).
j
j
j
(k , y), ncell
(k , y), nlane
(k , y)) .
p(k , y)  f (nveh

(11)

Since vehicles are uniformly distributed on the road, the expected number of vehicles
i
i
which occupy the k th cell is nveh
( j ) / ncell
( j ) , and different cells have the same expected
number of vehicles.
j

 nveh (k ) 

j

i
 nveh (ncell
( j )) 

i
nveh
( j)
.
i
ncell ( j )

(12)
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nveh (1) 
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Therefore, the sum of probabilities for all vehicles in the j th road segment connecting
with the RSU can be calculated as:
i
Pseg
( j) 

k  max( t , y )



j

nveh (k ) p(k , y )

k  min( t , y )

k  max( t , y )

i
nveh
( j)
j
j
j
 
f (nveh
(k , y ), ncell
(k , y ), nlane
(k , y ))
i
k  min( t , y ) ncell ( j )

.

(13)

Where t denotes the farthest cell away from the RSU in the segment. Specially, if the
segment is completely covered by the RSU, t is equaled to 1 when the path passes the
i
( j ) when the path passes the downstream direction.
upstream direction of the RSU and ncell
B. Indirectly connecting situation

As is shown in Figure 5, communication path in indirectly connecting situation consists of
at least two road segments. It may pass one or more inflection points. In this situation, two
road segments are contained in the path definitely, that are the segment where the source
vehicles locate and the segment where the RSU locates. The connectivity probability can be
calculated using the product of the connectivity probabilities of all segments in the path.
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Communication Path

p(k , c)

k

c

Bo
…

p( y, c ')

p(c, c ')
c'

y

RSU

k

…

i
ncell
( j)

source vehicles located segment j

…

y

…

i
ncell
( j ')

RSU located segment j '

Figure 5. Indirectly connecting situation
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Suppose the source vehicles are located at the k th cell of road segment j , and the RSU is
located at the y th cell of road segment j ' , connectivity probability of the communication
path can be calculated by formula (14).

p(k , y)  p(k , c) p(c, c ') p(c ', y)

(14)
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Where p(c, c ') denotes the probability between c and c ' , and it is equaled to 1 if the
communication path consists only two road segments. p(k , c) denotes the probability of the
source vehicles located segment and c represents the position of the inflection point in the
same segment. p(c ', y) denotes the probability of the RSU located segment and c '
represents the position of the inflection point in the same segment. Without loss of generality,
the parameters c and c ' are equaled to 0 when the path passes the upstream direction of the
i
i
( j ) and ncell
( j ') respectively when the path passes the
segments and equaled to ncell
downstream direction of the segments. To get p(k , y) , we analyze the calculation of the
three probabilities.
Since segments between c and c ' are complete road segments and parameters of them are
constant respectively. The value of p(c, c ') is also a constant, which is equaled to the
product of the connectivity probabilities of all the segments calculated by formula (8).

Setting the parameter k in formula (11) to c ' , we can get the value of p(c ', y) , which is
a constant and shown as formula (15).
j'
j'
j'
p(c ', y)  f (nveh
(c ', y), ncell
(c ', y), nlane
(c ', y))

(15)

Setting the parameter k in formula (11) to c , parameters of the sub-segment k  c in
the source vehicles located segment can be acquired as follows:
j
i
(k , c)  nlane
( j) .
Number of lanes: nlane

k

j
Number of cells: ncell (k , c)  

Path passes the upstream direction of the segment

ok

ncell ( j )  k



i

Bo

j
i
Vehicle density: nveh (k , c)   nveh ( j )



Path passes the downstream direction of the segment

j
ncell
(k , c) 
.
i
ncell ( j ) 

According to formula (8), the connectivity probability of data transmitting between
vehicles at k cell and the infection point c can be calculated by formula (16).
j
j
j
p(k , c)  f (nveh
(k , c), ncell
(k , c), nlane
(k , c)) .
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In road segment j , the expected number of vehicles which occupy the k th cell is
calculated by formula (12). Therefore, the sum of probabilities for all vehicles in the j th
road segment connecting with the RSU can be calculated as:
i
Pseg
( j) 

k  max( t , c )



j

nveh (k ) p(k , y )

k  min( t , c )

(17)

k  max( t , c )

i
nveh
( j)
 
p(k , c) p(c, c ') p(c ', y )
i
k  min( t , c ) ncell ( j )

AL
.

Where t denotes the farthest cell away from the RSU in segment j .
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4.3 The optimization of RSUs placement problem

Our objective is to give a RSUs placement scheme so that vehicles in the network have a
maximum average connectivity probability p when connecting with their nearest RSUs.
Realizing that there are N complete road segments in the region of interest and N RSU RSUs
are going to be placed, we formulate the RSUs placement problem as a combinatorial
optimization problem in the two-dimensional space.
The location of a RSU can be represented using 2-D coordinates ( x, y) , which indicate
that the RSU is deployed at the y th cell of the x th road segment. Each cell along a road
N

segment will be a possible position for a RSU. Therefore, there will be

n
x 1

cell

( x) possible

positions in the road network, where ncell ( x) denotes the number of cells of road segment x .
A combination of the positions of all the N RSU RSUs forms a specific placement mode,
which can be represented as:

si  {( x1 , y1 ),( x2 , y2 ),

,( xNRSU , yNRSU )}

(18)

The constraints of formula (18) are as follows:
①1  xm  N , 1  ym  ncell ( xm ) ;
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② ( xm , ym ),( xn , yn )  si , the value of xm and xn , ym and yn are not equal
simultaneously.
Selecting N RSU positions from all the cells to place RSUs is a combination problem. So
the number of possible combinations is:

M  C NN RSU
 ncell ( xm )

(19)

m1
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Given a certain RSUs placement mode si , there is a unique coverage area division scheme
using ECA and a corresponding value of the average connectivity probability p . We simply
use the notation R for the relationship between p and si .

p  R(si )

(20)

All possible si constitute a feasible solution space   {s1 , s2 ,

, sM } . The optimization
of RSUs placement problem can be formulated as finding an optimal solution s* from  ,

AL
.

and satisfying the following condition simultaneously:

si  , p  R(s* )  max R(si )
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(21)

The RSUs placement problem is a combinatorial optimization problem, it is also a NPcomplete problem. Some intelligence algorithms can be used to solve it. In this paper, we use
Genetic Algorithm (GA) to obtain an optimization RSUs placement scheme. The solution
procedure is shown in Figure 6.
Start

Create initial populations

E x p a n s i o n a n d c o l o r a t i o nC o v e r a g e d i v i s i o n u s i n g E C A

p

N RSU N seg ( i )

 
i 1

j 1

N RSU

i
Pseg
( j) /

N
i 1

veh

(i )

C o m p u t e f ipt n e s s

M a x i m u m n u m b e r o fY
generations?
N

Stop

S e l e c t i o n , c r o s s o v e r a n d m u t aG
t ieonne t i c m a n i p u l a t i o n

ok

Create new populations

Bo

Figure 6. Solution procedure of RSUs placement problem

5. Case Study

In this section, we give the calculated results of our algorithm and evaluate the
performance of the proposed optimization strategy.
Our simulation is based on the aforementioned urban region shown in Figure 3(a) and the
topology of which is shown in Figure 7(a). It has 9 intersections and 12 road segments. To get
an imbalanced traffic flow, we set the segments 1, 2, 5 and 10 to be four-lanes bi-directionally
while others to be two-lanes. The four-lanes road segments form communication hot spots
since there are more vehicles compared to others.
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The length of a cell in a road segment is divided per 5 meters, which is really a small
value. For this reason, there will be a large number of cells in the road network. Selecting a
certain number of locations from all these cells is tremendous work. Meanwhile, actually,
there is no essential difference for the performance improvement when a RSU is placed in the
two cells which are very close. In order that the RSUs placement problem can be simplified,
some special cells are selected as candidate positions, for example, the inflection points or
cells in middle of segments. In our simulation, 21 positions are selected as the candidate
positions for placing RSUs, which are shown in Figure 7(b).

Segment 3

C1

③

C2

C3

Segment 5 C 6

Segment 4
⑤

⑥

C9

Segment 10

C14
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C12
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④

Segment 1 ② Segment 2
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①

Segment 8
⑦

Segment 6

Segment 7

Segment 9

Segment 11 ⑧ Segment 12 ⑨

(a).Topology of the road network

C15

C17

C18

C13

C16

C19

C 20

C21

(b). Candidate positions for placing RSUs

Figure 7. Topology of the road network

Other parameters used in our simulation are list in Table 1.
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Table 1. Simulation parameters
Parameter

Value

Number of vehicles

10~100

Vehicle speed

30×(1±20%)km/h

Wireless communication range

200m

Transfer interval

1s

Length of cell

5m

Packet size

1kb

In order to obtain vehicle density in each road segment, the scenario is first simulated by
VISSIM, an integrated microscopic traffic-emissions simulation platform. As long as vehicles
are uniformly distributed, statistical number of vehicles in each segment is acquired using
VISSIM if a certain number of vehicles are given in the network.
Four RSUs will be placed in the given network. Using the average connectivity model, we
calculate the optimal placement schemes under different number of vehicles. The uniform
placement scheme (RSUs are placed on C3, C6, C13 and C19) and the hot-spot placement
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scheme (RSUs are placed on C2, C4, C8 and C16) are compared to the optimal scheme. The
calculated results are shown in Figure 8 and the optimal placement schemes under different
vehicles are shown in Table 2.

Figure 8. Calculated results

Table 2. The optimal placement schemes under different numbers of
vehicles
vehicle
number

position
combination

vehicle
number

position
combination

10

C5,C9,C13,C17

60

C3,C9,C16,C19

20

C4,C6, C16,C19

70

C3,C9,C16,C18

30

C2,C6,C16,C19

80

C3,C9,C16,C20

40

C3,C9,C16,C19

90

C3,C9,C16,C21

50

C3,C9,C19,C21

100

C3,C9,C16,C20
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From the results shown in Figure 8, we can find that the average connectivity probability
increases as the growth of vehicles. Meanwhile, both the uniform placement and the hot-spot
placement cannot reach the best connectivity in our simulation network. The explanation of
this situation can be summarized as follows: On one hand, the road network topology and the
traffic flow distribution are imbalanced, resulting uniform placement of RSUs not the optimal
scheme providing the maximum connectivity; On the other hand, connectivity of the
communication in hot-spot road segments is well in general, especially when the vehicle
density is high. Placing too many RSUs in the hop-spot road segments will not gain a
remarkable improvement of connectivity, but decrease the connectivity for vehicles in other
road segments.
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Figure 9. Simulation results

The rationality of the calculated results is verified by taking a simulation using NS-2. We
select the optimal placement schemes (C4, C6, C16, C19), (C3, C9, C16, C19) and (C3, C9,
C16, C20) when the number of vehicles is 20, 60 and 100 respectively. Through multiple
simulation experiments, statistical connectivity probabilities for the three kinds of schemes,
under different numbers of vehicles, are shown in Fig. 9. From the results we can see that
they agrees with the tendency of the calculated results. The connectivity probability increases
as the growth of vehicles. The optimal placement scheme performs better than the uniform
placement and the hot-spot placement. Results shown in Figure.9 verify the rationality of our
RSU optimal placement scheme.

6. Conclusions
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In this paper, we study the optimal RSUs placement scheme in urban scenario, of which
the spatial distribution of vehicles is imbalanced. Our objective is to find an optimal position
combination for placing a certain number of RSUs, so that the connectivity could be
improved. We formulate the RSUs placement problem as a combinatorial optimization
problem in the two-dimensional space. The optimal objective function is the average
connectivity probability. We test and verify our optimal placement strategy under different
numbers of vehicles in an actual urban road network. Compared to the uniform placement and
the hot-spot placement, the proposed optimal placement scheme performs better in
connectivity. The simulation results validate the rationality of the strategy. In further work,
we will extend for a more complex road topology and some other optimum indexes to further
ascertain the effectiveness and rationality of our proposed optimization strategy.
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