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Abstract
In urban scenario, the imbalanced spatial distribution |c flow erfs an important
influence on the performance of communication bety iCles Roadside Unit
(RSU). This paper presents a strategy for RSU ent sed n the road traffic
characteristics, aiming at improving connectivity in Veh ular ad tworks To divide the

average connectivity model for all vehicles i twork i lished based on the results
obtained from ECA. The RSUs place ormulated as a combinatorial
optimization problem, of which the ve & |mize the average connectivity
C
the

coverage area of each RSU, we propose an @on anqc ation Algorithm (ECA). The

probability by searching for an optl osition tion of the given RSUs. Taking part
of an actual urban road networ RSUs placement problem is calculated
and the optimal placement s is eval Simulation results show that the optimal
placement scheme obtained=from our leads to the best connectivity compared to

uniform placement ano& placem
Keywords: VA Us wﬁxt Expansion and Coloration Algorithm, Average
binateria

Connectivity P I ty, Com Optimization Problem

1. Introduc

(MANET) whic ts of two kinds of components: moving vehicles and fixed Roadside
Units (RSUs) It 1 ybrid wireless network that supports both infrastructure-based and ad
hoc commbiieation modes. Increased performance and proliferation of wireless
communi devices, coupling with communication needs caused by the rapid
devel of urban traffic, make VANET the most promising application-oriented network
S or a plethora of applications such as enabling automotive safety, traffic congestion
predigtion, 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

Vehicular Ad-h ork (VANET) is an instantiation of Mobile Ad-hoc Network
é h
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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 advagtage of
multi-hop relaying via other vehicles to reach the coverage of an RSU. On the Md,
there is an objective reality that spatial distribution of traffic flow in urban ?Work is
imbalanced. Roads that are covered with more vehicles can form hot spot r @/ ile roads
with less vehicles will degrade the connectivity of the muI ath betye ehicle and a
RSU. Influenced by infrastructure cost, it is |mp055|ble a Iarg ber of RSUs.
Therefore, a reasonable placement strategy of RSUs, IIy cons raffic distribution
regularities, can not only maximize the network conty but uce cost.

Urban traffic flow has features of imbalances in time an scales which can be
analyzed in a statistical way. Considering th¢ad chata@tlcs this paper presents a
connectivity-based strategy for RSUs plac in situati f imbalanced traffic spatial
distribution. We study the placement of formulating it as a combinatorial
optimization problem, of which mlza& ctive is the maximum average

The main contributions of the paper

connectivity between vehicles and earest
are as follows: A
(1)On condition that eac hicle est ommunlcatlon link with their nearest RSU, a

coverage area d|V|S|on d name pansmn and Coloration Algorithm (ECA) is
proposed. Using ECA arest roa % segments that are under the coverage of a certain RSU
i ied.

in the 2-D vehlcle n can b@
(2)The ave .. ectl | is built based on diverse traffic characteristics of road
segments suehlcle @ and road length. Given a certain number of RSUs and some
candidate locations, mulate the RSUs placement problem as a combinational
optimization problem. optimization aims to find a placement scheme that can achieve the
maximum averag ctivity for all vehicles.

(3)The proposeddmodel is solved by using genetic algorithm. A simulation is also given to
validate t rmance of our method. Compared to the uniform placement and hot-spot
placemen ields higher connectivity.

ainder of this paper is structured as follows. In Section 2, we introduce related
w 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

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 ig highgr

Wto

channel utilization and lower waiting delay [6, 7]. The RSUs placement resea i
construct an economical yet efficient vehicular network by making an optimal %ﬁeploy
scheme in the frequent partitioning network. Here we summarlze the devel of RSUs
placement research.

The most accessible RSUs placement methods are the pla d the hot-spot
placement [8]. Uniform placement means that the R ced u accordlng to the
geometry of the road network. While for hot-spot p ced in the regions

with higher importance such as locations of heavy t flow occurrmg accidents
and especially requiring stricter coverage. H er, thgs thods cannot get an exact
optimal scheme. Recently, a number of rege and mst have been proposed to look
for the optimal placement strategies of uctlng to improve the network
performance, such as coverage, throu %trans elay and connectivity in different
scenarios. g

Regarding the coverage prm B et al., in [9] propose that, compared
to the corner of the intersectio covera a@ncrease by nearly 15% if a RSU is placed
in the center location, whi r@ pact on dissemination capacity of VANET.
Liang Y Setal., [5] inf there is inear relationship between the cost and the RSU
requirement, which. jSdefined as the pgrcentage of streets that are within the service range of
RSUs. They also gi t Scheme for the placement and configurations of RSUSs.
Rebai M et O]*develop a act method for the 2-D coverage problem in hybrid
VANET, w ompo both sensors and RSUs. Based on mathematical linear
programming fofmulatio e proposed method can provide a solution for permitting an
optimal placement of nd sensors.

In order to m he throughput of VANET, Malandrino F et al., in [11] present the

relationship betwgersaverage per-downloader throughput and the number of access points
provided SUs. They also get a conclusion that a density-based RSU access points
placemen s performance close to the optimum. Wu T J et al., [8] present a RSUs
placen@del in highway-like scenario VANET. They take into account the impact of
Wi terference, vehicle population distribution, and vehicle speed, and formulate the
p@ent problem via an integer linear programming model. The strategy leads to good
perfGrmance 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 rang and the
overlap ratio on a certain road network. Each intersection is considered as a po
location and the optimal locations are selected based on the number of ?—re'ports
However, location report is the only parameter in the model. Other traffic pa such as
vehicle density, which will exert an important effect on co ity, are@ dered.

3. Coverage Area Division

In this section, we divide the coverage area o RSU NET the longer the
distance between the source node and the d tion npd e more uncertain the road
condition expresses, and the less reliable a nication erforms On condition that
each vehicle selects the Euclidean-neares to co ct with, the RSU should cover a
minimum desired area of streets. We amed Expansion and Coloration
Algorithm (ECA) and our objectlv 0 |dent| |n|mum separate coverage areas of
RSUs.

In ECA, each RSU has a e color |cat|on to represent road segments in its
coverage. In order to facilitate analysis e discretization of road network structure by
dividing all road segm l@ually in Is. In the 2-D space constrained by the road
topology, suppose h heére are daries around every RSU and they are capable of
expanding to follo ad n . All boundaries expand independently at a same speed,
for example, g\per time stép?Once a cell is traversed by a RSU boundary, it will be
painted the col RSU. All RSUs’ expansion and coloration processes start at

ish when all cells in the network are colored.
rban road network, let S be the set of road segments in the area.

Suppose there ar@ SUs 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 Ngg, satisfying the following conditions:

the same |n|t| e and
Given a certain regi

@O SiﬂSjZQ' S1U"'USiU"'USNRSU =S, (i, =1~ Nggyii# ) D

Where S; denotes the road segments set covered by the ith RSU. Compared to other RSUs,

vehicles in these road segments are able to connect with the ith RSU through the shortest
route.

The notions used in ECA in this section are summarized as follows:

t: time step of the algorithm;
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U, (t) : cells which are under the coverage of ith RSU at time step t, when the algorithm
finishes, cells in U, (t) will make up road segments in S;;

AU, (t) : new cells in U, (t) compared to U, (t—1);

R, (t) : neighbors of AU, (t). If a cell is in the middle of a road, its neighbors are the two

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.
: \/‘
A ¢ >
Neighbors of k Q Ne% K
N
Figure 1. Neighbor@a cell \\/
R',(t) : uncolored cells in R (t); . OQ ’\6

sl Rl T

different colors.

C, : color identification of ith RSU& age a@%‘ferent RSUs are represented by

>

At the beginning of our algorithm, a @me step, all cells are uncolored and U;(0) is
the location of each‘R @Us ge %D neighbors R.(0) and R';(0) according to their
locating cells. At t@ st sion and coloration start. Color cells in R';(t) C,,
meanwhile, le Q

=U,(0)UR(0), AU, () =U, () -U,(0). @

Further work @Ee done to identify neighbors R (1) of AU, (1) and uncolored cell
R () inR{Ly. As*the
R (t) = ching the end of expansion and coloration of ith RSU. At this moment, cells

in -(®re all colored C, . Cells in U, (t) make up the coverage area of the ith RSU S,.

Il 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).

parameter t increases, the above-mentioned process is repeated until

Copyright © 2013 SERSC 95



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

begin

t=0

U, (0) = AU; (0) <locating cell each RSU

all cells in network are uncolored

while(AU (t) =D or--- or AU, (t) # D or--- or
(t) = @) do

NRSU .
for 1 =1:1:Ngg,

6.
7. it AU (1) =D do

8. R, (t) <neighbors of AU, (t)

9. R", (t) <uncolored cellsin R, (t)
10. color cellsin R", (t) C,

. AUL(t+D) =R (t ¢
2 Ui(fg—]—siui(tj(U)AUi(t+1) Cﬁ/

S"'.b.(”!\’!‘

13. end

14.  end * .

15, t=t+1

16. end Q\ V

17. for 1 =1:1: Npg,, O

18.  Return (U, (t)) \V

19. end Q . 6

20. end

21. eﬁz é\o N

Figure 2. % c@&aﬂon algorithm
»@
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@: (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 N, vehicles on a road

segment with N lanes and L length. The road segment is divided equally into N, cells,
the length of which is set as the average length of vehicles, for example, d =5m and

N, =L/d . Inthis 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=n,Ld , i.e. there are no m Ny
successive empty cells on the road. The number of empty cells is Ny, — Ve one—lane
scenarios, and ranges from N, —N,, to Ny, — |_nVeh / n,a multi-1 scenarios. With
the assumption of uniformly distributed vehicles, the i th the k between two
sides of the road segment is connected becomes: d

max(Neey _[nveh Mz —l,no)
p =1- pdis =1- Z @nveh ! n‘ce = }Dp{(o(ncell ’ k) > no}- (3)
k=max(nggy nveh @

Where p{a(Ng, Ny ) =K} denotez}probablllt \[here exists exactly k empty cells. It

can be calculated by formula (4

ceII Mven
( _ \Veell 77/ Nane _I) lane
&(n\le&& cell[( ) T ' (4)
cell [ hIane

Op{ﬂ(nbe’) K}=C ;Dwup{u(meh,nm..—k>=0}. ©

Neell ‘ nIane

Po(Ngy , K) > r@otes the probability that there is more than successive N, empty cells
on conditio@t re is empty k cells on the road segment. It can be calculated by formula

(6).
OO min{k,(nge; —K)ng} I
clil
@ i=kZ:”0 [ ] ' (6)

Mo k) > ng}=1- CF

n

cell
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Where the c[i]”1 can be calculated as follows:

ot min{i,tin,} Tt
cfil "= > c[i]

j=max{0,i-ny} . (7)
c[i =1(=0,1---,n,)

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

f to replace the relationship between connectivity probability and Qar}@é.

f (nveh’ cell ¥ nlane)

use a function

Where N, N, and N, respectively represents numb %/and lanes of a
road segment. O \/

4.2 The average connectivity for RSUs place

We make an assumption that there are.N Us depl&% in a certain region of urban
road network. For the ith RSU, it serve I) I‘Q ents with N, (i) vehicles in the
coverage area, which can be obtal mg ECAX mportant to note that road segments

e complete road segment between two

mentioned in our work include t erent
adjacent intersections, and the egment is part of the complete road segment. The
sum of probabilities for a@ehlcles g with the ith RSU can be calculated by

formula (9).
* Nseg (i)
OQ RSU (I) - seg (J) ©)

—l

Where P, (]) denot um of probabilities of vehicles in the J th road segment.
The average ctivity probability of all vehicles in the given road network can be
calculated mula (10).

@O — f Prsu (1) Z ZS,) Seg(J)
p =it

S . (10)

N RSU N RSU

Z Nveh(i) Z Nveh(i)

Now we will analyze the solution of Seg(J) in different situations. As previously

mentioned, Seg (J) denotes the sum of probabilities of vehicles in the j th road segment, one

98 Copyright © 2014 SERSC



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

of the road segments is served by the ith 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 ith RSU, we make an assumption that the number of lanes in the ] th road
segment is N (j), the length is n,(j) and the vehicle density is n!, (j). The vehicle

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.

N/’
A. Directly connecting situation ; ?“

Since wireless signal may be blocked by objects, an intersection acts as arinflgttion point
when selecting the multiple hop transmission paths. In dire %ﬁnecti 1on, vehicles
and the RSU are in the same road segment, passing no jaflection pints.“\GHoosing the cell
where the RSU locates as the boundary point, the roae"segwent in directly,£€onnected situation
is divided into two sub-segments according to rel irectioﬁx een vehicles and the
RSU. The connectivity probability calculation 1@0 sub-segment Is carried on separately.

Taken the scenario shown in Figure 4 as an e , of wh'grI RSU is deployed at Y cell
and vehicles are at the upstream directio%@SU, wg-presént the solution of P._(]).
.\
ication Pa&\
\@

seg
K NS PR X;BRSU

T T
2N\ y = N (B)
Q\\ &ad segment j
O Fi u@. Indirectly connecting situation

Regarding vehicles ell in the segment, the communication path is established on the
sub-segment from to Y cell. Based on the precondition that vehicles are uniformly
distributed on th , parameters of the sub-segment K <>y can be acquired as follows:

Numbe@knes: e (K, Y) =N ()

O _ y—k Vehicles are at the upstream direction of the RSU
ber of cells: nl, (k,y) ={

cell k — y Vehicles are at the downstream direction of the RSU

Bncje!l (k, y)—l
e (3) |

Vehicle density: nl, (k,y) = |Vn\i/eh(j)
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According to formula (8), the connectivity probability of data transmitting between
vehicles at k cell and the RSU at ¥ cell can be calculated by formula (11).

(k y) = f (nveh (k y)’ n(:Jell (k y) I"'Iane (k’ y)) . (11)

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

ﬁ\jeh DO=--= ﬁ\ieh K)=---= ﬁjeh (nle“ (j)) = n\:/eh(j.) .

with the RSU can be calculated as:

k=max(t,y) _
()= S k)l y)O

k=min(t,y)

cell (J) ?
Therefore, the sum of probabilities for all vehicles in the &h road s @ nnecting

(13)

k=max(t,y) :
Yl ) N‘{? )1l (K, )

k=min(t,y) ceII

&
Where t denotes the farthesw from t \J in the segment. Specially, if the

segment is completely covered RSU, ﬁ equaled to 1 when the path passes the

upstream direction of the RSU a cell( he path passes the downstream direction.

B. Indirectly connecu tion

As is shown |n ication path in indirectly connecting situation consists of
at least two r ents I mayspass one or more inflection points. In this situation, two
road segme contai the path definitely, that are the segment where the source
vehicles locate™a d the s nt where the RSU locates. The connectivity probability can be
calculated using the p of the connectivity probabilities of all segments in the path.

Communication Path

\% pl,o) p(c.c) b))
Ok c c' y

77777 o R R
Q) = : RSU
4 @ El Sy <
E l=.. k ..... :
> — —
k = Na() y e Ney()
source vehicles located segment 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)Ip(c,c)p(c’,y) (14)

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. pP(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 geher tS/
the parameters C and c¢' are equaled to O when the path passes the upstream dire the

segments and equaled to n.,(j) and n, (j") respectively when the fat sses the
downstream direction of the segments. To get p(k,Yy), \ alyze t Ictiation of the

three probabilities. Q

Since segments between C and c¢' are complete rg gmenl&x\*ﬁrameters of them are
constant respectively. The value of p(c,c’) i Iso a congtant, Which is equaled to the
.. ayeas <
product of the connectivity probabilities of al@ments Q& ated by formula (8).

Setting the parameter k in formula {@ &@et the value of p(c',y), which is

a constant and shown as formula 1%

(c y (nveh{@. e (€L Y) Nk (€ y) (15)

Setting the parametaq formu to C, parameters of the sub-segment k <> ¢ in
the source vehlcles segme be acquwed as follows:

Number o‘ n. e ().
Path passes the upstream direction of the segment

Number of cel&&k { (j)—k Path passes the downstream direction of the segment
cell
k k,c
Vel’@@mity: veh (k C) = lrnveh (J)DM—‘

cell( )

%ording 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).

p(k C) = f(nveh (k’C)’ cell (k C) nlane(kic))' (16)
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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 jth
road segment connecting with the RSU can be calculated as:

k=max(t,c) _

seg ( J) = Z nveh (k)Dp(k y)

k=min(t,c)

k=max(t,c) ni H
= > ive“—(J.)Dp(k,c)Dp(c,c')Dp(c:y)
kemintt.c) Neen (1)

17)

Where t denotes the farthest cell away from the RSU in segment ] .

4.3 The optimization of RSUs placement problem ;

Our objective is to give a RSUs placement scheme so that Vehigles |% ork have a

maximum average connectivity probability B when co with earest RSUs.
Realizing that there are N complete road segments 4 egio t and Ny, RSUs
are going to be placed, we formulate the RSUs ment W as a combinatorial
optimization problem in the two-dimensional sp

The location of a RSU can be represent g 2-D c ates (X, ¥), which indicate
that the RSU is deployed at the Y th c segment Each cell along a road
segment will be a possible position SU T e there will be che” (X) possible

x=1

positions in the road network, Ce|%@es the number of cells of road segment X.

A combination of the po s of all rsu RSUs forms a specific placement mode,

which can be represeat *
{(Xl w ’ NRsu Y esy )} (18)
The consth of forr@g&) are as follows:

@SXmSN’l ncell(xm);

@ (X, X, Y,) €S, , the value of X, and X, , Y, and Y, are not equal
S|multan

%c ng Ngg, positions from all the cells to place RSUs is a combination problem. So
th ber of possible combinations is:

M =C ERSU
chell (Xm) (19)
m=1
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Given a certain RSUs placement mode S;, there is a unique coverage area division scheme
using ECA and a corresponding value of the average connectivity probability B We simply

use the notation R for the relationship between p and s; .
p=R(s) (20)

All possible s; constitute a feasible solution space 2={s,,S,,-:*,Sy}. The optimization
of RSUs placement problem can be formulated as finding an optimal solution s* from Q,

and satisfying the following condition simultaneously: .

Vs, €Q, p=R(s") =maxR(s,) ®?~ (21)
The RSUs placement problem is a combinatorial opti 'Egl‘probi@ls also a NP-
complete problem. Some intelligence algorithms ca@ Ivext. NG paper, we use

Genetic Algorithm (GA) to obtain an optimizatio placement me. The solution
procedure is shown in Figure 6.

aximum numbe
generations?

‘ Create new pOpU|}-a—H—9—H£7

@e 6. Solution procedure of RSUs placement problem

tudy

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).

®  Segmentl @ segment2 (@ C, ¢, G ¢, G

Segment 3 Segment 4 Segment5 Ce C,

® ® C C, Cy
9
Segment 6 | Segment 7

@

Segment 8 Segment 9 Segment 10 C

@

Segment 11 @ Segment 12 @ 19 Cp  Cy

(a).Topology of the road netw Q Candlé‘e positions for placing RSUs

Figure 7. To@y of @% network
Other parameters used in oQ@ﬁon are @n Table 1.

gble 1 |on parameters

Paral Value

< s Numbeerehlcles 10~100
O 6 hicle speed 30%(1+£20%)km/h

less communication range 200m

@ Transfer interval 1s

O% Length of cell 5m
O 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.

1

—&— optimal placement
—+H&— uniform placement
| | —#— hot-spot placement

=
w

o
o
T

o
.

average connectivity probability

o
]
& o

8 i j j . j ; A G
10 20 30 40 50 60 70 K{ ¢ 1m0
number of vehicles
Figure 8. Calculate S \/
}bn

Table 2. The optimal placement schemes under diff t numbers of
vehi 5 *\6

vehicle positi \\’veh' e p‘osition
number comb'§% 15%& combination
10 Q 13,017‘ = _ 60 ) C3,C9,Cy16,C19
20 C4.Ce, C a@p 70 C3,Co,C16,C1s
. ,Q\Q C.Cé ?é; 80 C3,Co,C16:Ca0
Q\\O @ 6:C19 90 C3,C9,C16,Co1
O 56@ C3,Cy,C19,C1 100 C3,C9,Cy6,Co0

From the resu!t@ in Figure 8, we can find that the average connectivity probability
ac

increases as the th of vehicles. Meanwhile, both the uniform placement and the hot-spot
placement cannot h the best connectivity in our simulation network. The explanation of
this situati be summarized as follows: On one hand, the road network topology and the

traffic floly distribution are imbalanced, resulting uniform placement of RSUs not the optimal
sC oviding the maximum connectivity; On the other hand, connectivity of the

cation in hot-spot road segments is well in general, especially when the vehicle
de 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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I hot-spot placement
- uniform placement
[ optimal placement [

08+

o
o

connectivity

o
N

02t

. 20 60 E
number of vehicles
Figure 9. Simulation resu @

The rationality of the calculated results is verifie ng a n using NS-2. We
select the optimal placement schemes (C4, C6, C16, (CB 6, C19) and (C3, C9,
C16, C20) when the number of vehicles is 2 and 100 ectlvely Through multiple
simulation experiments, statistical connec.tl bab|I|t|e the three kinds of schemes,
under different numbers of vehicles, ar n |n .gFrom the results we can see that
they agrees with the tendency of the ca% ed reﬁgh e connectivity probability increases
as the growth of vehicles. The lace eme performs better than the uniform
placement and the hot-spot pI&%nt Resu1 n in Figure.9 verify the rationality of our

RSU optimal placement sci@
6. Conclusions \\Q \
. usl

In this papersyve study th &I RSUs placement scheme in urban scenario, of which
the spatial di @ ion of s is imbalanced. Our objective is to find an optimal position
combination for placi ertain number of RSUs, so that the connectivity could be
improved. We for the RSUs placement problem as a combinatorial optimization
problem in the -dimensional space. The optimal objective function is the average
connectivity, probability. We test and verify our optimal placement strategy under different
numbers cles in an actual urban road network. Compared to the uniform placement and
the h placement, the proposed optimal placement scheme performs better in
y. The simulation results validate the rationality of the strategy. In further work,
we 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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