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Abstract— Vehicular communications and networking
technologies provide essential support for data seices across a
Vehicular Ad-hoc Network (VANET) and play a key role in the
Intelligent Transport System (ITS). In this paper,we introduce
a cluster-based two-way data service model that prootes
efficient cooperation between Vehicle-to-Vehicle (®V) and
Vehicle-to-Infrastructure (V2l) communications, or namely
V2X, to improve service performance for vehicles ah the
network. Our results show that the cluster-based mael can
significantly outperform the conventional non-cluser schemes,
in terms of service successful ratio, network throghput and
energy efficiency.
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cooperatively as V2X, making the VANET play a bettde
in ITS in a complex traffic environment.

This paper proposes a V2X-based service systemewher
the clustering technique is applied to improve graission
and energy efficiencies by significantly reducing2lV
connections. A cluster is a group of vehicles initthe
transmission range of each other, as shown in FFighere
cluster heads exchange data with RSU via V2| whieother
cluster members communicate with cluster head¥2ia A
data service model with cooperative V2X transmissita
clustering is also introduced, for effectively ugplting the
local information to the database and downloadihg t
required service data from RSUs.

The remaining of the paper is organized as follows.
Related work is discussed in Section Il. Sectidrptesents
the clustering algorithm and applies it in the pegd data
service model. Section IV explains the simulati@sults

With the rapidly increasing number of vehicles andpbroduced by OMNET++, SUMO and MATLAB software

complex road networks, traffic congestion, car @ects and

tools. Finally, Section V concludes the paper.

large amount of energy consumption are among tha ma

challenges in the development of smart mobilitpa of the
Intelligent Transportation System (ITS) [1]. To aeks these
problems and ensure road safety and traffic effyeit is

vital to make traffic information (e.g., speed awmehicle

density) and environmental information (e.g., weatand

road condition) timely available for road users awtwork

operators.

Il. RELATED WORK

The idea of combining V2l and V2V has been appiired
many works on VANET. In [2], Noori et al. exploréet
combination of various forms of communication teigues,
e.g., cellular network, Wi-Fi and ZigBee for VANETS [3],
a roadside unit (RSU) plays a vital part to prowsdevices and
make scheduling arrangements using a simple netveatikg

version of the Mobile Ad-hoc Network (MANET) and complete the service and does not consider thesptass and

intended for improving driving safety and efficigrntthrough
both vehicle-to-vehicle (V2V) and Vehicle-to-Inftascture

associated latency caused by the failed serviaes[4],
multiple RSUs are involved in broadcasting datacgkcally

(V2l) communications. V2V and V2| can be operatedg vehicles via V2| and forwarded to vehicles vi2awif they

Figurel. A VANET model with cluster
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are not inside the transmission range. This moeeglires
efficient handover mechanisms to ensure stableiratiche
data services between the vehicles concerned.

The Dedicated Short-Range Communications (DSRC)
technology refers to a suite of standards of Waskeccess in
Vehicular Environments (WAVE) [5] and supports bot2Vv
and V2l communications. Vehicles equipped with sensan
collect local traffic and environment informationnda
exchange it for the similar information of othegians (place
of interest) with RSUs. A RSU acts as an interfaesveen
vehicles and the vehicular network to provide viglsiche
service information requested and pass on the atetle
information to other part of the network. The higlobility
and density of vehicles presents a big challengd/2X
communications, which causes congestion in sedetigery
in this environment. In addition, moving vehicledl weep
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exchanging information and this will cost a sigeéint amount
energy for continuous data sensing,
processing, especially for V2| as it needs to cdeeger
distances than V2V.

The Lowest-ID clustering algorithm is a basic metito
select cluster head, which uses the unique vetidcieimbers
as the selection standard [6]. This algorithm wastebly in
most MANETs but may not always be suitable for VANE
due to higher velocity and more restricted routes/€hicles.
The AMAC (Adaptable Mobility-Aware Clustering)
algorithm [7] mainly considers the destination he key
factor in forming clusters to improve the stabildfy clusters
and extend the cluster’s lifetime. However, thetidation
may not always be collected from navigation systeams
drivers do not always use them for the known roudsree-
layer cluster head selection algorithm based onirtterest
preferences of vehicle passengers is proposeddtimmedia
services in a VANET [8]. This scheme is inefficieviten the
requirements in operations differ too much.

Based on the discussion of V2X related work, a mor

efficient service delivery method is introducedhis paper by
utilizing clusters and minimizing channel congestiaused
by excessive V2| transmission in conventional serwodels.
We will show that the cluster model outperforms tian-

cluster model at both service and energy efficidaugls.

I1l. SERVICE MODEL THROUGH CLUSTERING

In MANETS, moving nodes can be divided into differe
sizes of clusters, such as using the “combined htkig
algorithm to select cluster heads [9]. The selectakes the
current position, number of neighbours, mobilityddattery
power of nodes into consideration. In VANETSs, védst
mobility is more limited by the road type, traffsigns and
other traffic factors. Therefore, the elements Ingd in
forming clusters in a VANET need to be adjustecatingly.

A. Cluster Head Sdlection

There are three types of nodes (vehicles) in a VANE
Free Node (FN), Cluster Head (CH), Cluster MemkzMY.
The clustering algorithm considers the one-hophtmigrs of
each node and the cluster size is decided by clhst@d’'s
communication range. CH is responsible for collegtilata
and service requests from CMs, uploading curreivingdy
information (e.g., traffic is normal or congestedjnd
requesting services from the RSUs. This paper definnew
weighting metric for selecting the CH, considerihg factors,
such as position, velocity, connectivity and drivimehaviour
of the vehicles involved.

The position of each node is obtained from GPS i{@lo
Positioning System) data. The average distaBgehetween
CH and CM should be as short as possible, whigiven by

1
=Sy =) +(, — y)? (1)

wheren is the number of neighbours of nodex andy are
coordinate values of two involved nodes.
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The velocity of CH,V,, is defined to be the difference

transmissiod arbetween the velocity of a candidate nag@and the average

velocity for the current traffic flonand given by:
1 n
Vi _EZj:lvj

wherey; is the velocity of thg-th neighbour of the candidate
node.

The connectivity of the candidate node is reflettgdhe
number of its neighbourbl. The ideal connectivity is denoted
aso, which represents the maximum number of neighbguri
nodes within one hop without causing traffic coriges and
is given as:

()

0 =2R %x133xn, /1000 3
whereR; is the transmission ranga,is the number of lanes.
The constant value 133 represents the highestipesEnsity
gvehicles/(lan&km) [10]. The actual connectivityC;, is to
measure how close tié is to the ideal value, i.e.:

C =N, -4 4)

The last factor is the acceleration of the vehigleto

reflect the driving behavioub; by showing how stable a
vehicle is when running along the road, i.e.:

D, =fa| )

The weighting matrix is formed by combining the rfou
factors discussed above which are considered equall
important. After the normalization of the four messments,
as shown below,

R D,

V, C
a) P'= ,b)vi=——-,¢c)c'==,d)D,'=—3 6
) I Pma>d ) I Vmax ) I g ) I maxi ( )
the weighting matrix, , is defined as
W =R +C,+D; @)

where Prax is the distance between th¢h vehicle and the
farthest vehicle from itVmx is the speed limitation by traffic
rules that a vehicle can reach in the fl@jsx is the maximum
absolute value of acceleration the vehicle canfreden it is
running. A smalleM indicates the higher suitability of the
candidate for the CH.

When a vehicle detects itself as a free node (ENgnds
a vehicle information packet to its neighbours a&mables
them to calculate its weight valiéd based on (7) which is the
basis of CH selection: the vehicle with the smal¥s value
becomes the CH. If a vehicle generatédfiahat is smaller
than a weight threshold, it will send a claim messwith its
weightWi to the neighbours to announce its suitabilityGéf.
Other nodes will compare the receivéd with their own
weight and send claim messages to argue if theire a
smaller weight thakM. Otherwise, it will become the CH after
a threshold window time and declare its identityCas of its
neighbours. This process takes place at eitheed fr varied
interval(s) depending on traffic conditions given.
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The service model that we have developed utilihester-

based V2X communications. In this model, vehicles a /" o _H \‘\ ) /" E cm\\
grouped into clusters for information exchange leetw i LD 8 o o | [ ®0 D Eﬂ? =
vehicles and RSUs. CHs are selected to gather ggrégate L S = | I S I = R = 0P
information collected by CMs and disseminate serpiackets ‘J?hﬂ% (ﬁa)»'
to CMs via V2V. V2| transmissions take place ongtvieen RSU-I\ ‘/RSU_2
CHs and RSUs via V2l directly, including uploading =
information to the server via RSU and downloadiegviee E AR
data from RSU by CHs, as shown in Fig. 2.

The cluster-based service model has transferred afios Database server

the data delivery from long-range V2I to short-ranggV. In
this way, both transmission collision in the vebi&®SU links
and energy consumption can be reduced. The databasar Given the receiver sensitivi, the required transmitting
shown in Fig. 2 stores service information incluglihe traffic  power of the-th transmission by a vehiclg, is given by
and environmental information such as the velogitgurrent
traffic flow, real-time density of vehicles, weath@nditions P=P. 9)
and road status, which is updated periodically. v

This service system follows the standards of IEBEBLp  where L, is the path loss of this transmission link and
and IEEE 1609 family [5], which specifies 7 charsnef 10  represented by (assuming the free-space scenario)
MHz each including one control channel and 6 servic
channels. The control channel is used for exchgngimtrol _(4m, 2 10
messages and safety information, while service relarare Lo = [_) GG, (10)

A
used for delivering service information packets.
. . whered; is the link distancé, is the wavelength of the signal

B. Service Delivery transmitted G andG; aretransmitting and receiving antenna

Vehicles within the same cluster may gather similagains.
information, especially the weather and road ceomtt In For cluster-based service delivery, the total tmittig
addition, different vehicles may request informatior the  power,Py, can be calculated as:
same regions. Therefore, CH integrates the cotlecte
information before forwarding it to RSU. The aggatgl data 1,
at CH will be less than what it has been collects the Re IZa=1PVZV-i * R
transmission efficiency in the V2| links can be noyed.
Upon receiving the information from CH, RSU updaties
database and generates the service packets rafjusgte
vehicles. Service packets are then sent via VZHowhich
will redistribute them to CMs via V2V.

Each RSU maintains its own database to store tente
service information collected from different CHsthimn its
coverage. RSUs in different areas will periodicakchange

Figure2. Cluste-based service moc

(11)

wheren is the number of vehicles in a clust&gy is the
transmitting power for V2V communications, defiresP; in
(9), and Pyx is the transmitting power for V2I
communications.

For service delivery without clusters, the totahgmitting
powerP,, is simply the sum of individual vehicle transniiss
power all in the V21 mode, i.e.:

and update information between them. In this casfacles in P=S" p 12
one area can learn the information about a laegege of areas t ‘Zq v+ (12)
ahead. The information service helps drivers t@mshdhe best
routes to reach their destinations and avoid cdimesnd C. Performance Evaluation
ac_:udents. They can also be aware of the travelimg they In this paper, the following four metrics are aplito
will spend. _ _ evaluate the performance of the proposed system.
The RSU is up to 8-15 meters high [11] and theadist
between a RSU and vehicles is much farther thadithance » Service ratio ). It is the ratio of the number of
between vehicles themselves, thus V2l requires dnigh successful delivered requestdo the total number of
transmitting power than V2V to deliver data. Thrensmitting requested services This is a vital metric to evaluate
power for V2V mainly depends on the distance betwek the effectiveness of the V2X system. This perforoean
and the farthest CM from CH and the maximum trassian metric is given by:
distance () in this case is mainly based on the number of
vehicles in a cluster. Denote the distance betweevehicles y= ne (13)
asdij, then: n
» Average service delay)( It is defined as the average
d = maxma>{di j} (8) duration from a vehicle submitting a service reqtes
i j0n = it finally receiving the service packets, which is

expressed by:
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Ns
Zizl s + nus |:ﬂp

t
re=ii o P (14)
n

S

wherety is the time duration of theth successful
service transmissiomys is the number of unsuccessful
service requests, anglis the waiting time a vehicle
spends for the service which is not delivered.

» Throughput ). It is a widely applied metric to
evaluate the transmission efficiency of a systerns |
defined as the average size of data successfully
delivered over a time unit.

=P
d T
where pis the total size of delivered service packéts,
is the total transmission time.

(15)

» Energy Consumptiori(). It is measured as an average
amount of energy (Joule) consumed for transmitting
one bit of data, or called energy per bit. Given
transmitting powerP; and throughpuy;, the energy
consumption is given by

E.= (16)

3 |o

IV. SIMULATION AND RESULTSANALYSIS

A. Smulation Setup

The traffic scenarios and communications models are
simulated using SUMO [12] and OMNET++ [13]. SUMO is
a powerful traffic simulator and supports multiptead
topologies and vehicle attributes. It can coopevdte other
network simulators via itraffic Control Interface (TraCl)
modules. OMNET++ is an extensible, modular, and
component-based C++ simulation framework, suppgrtin
various types of network simulation developments.

We built a one-way straight road with three lanes o
SUMO, in which vehicles in each lane are running dew
and the related service model is shown in Fig.c@oiding to
the Highway Code [14], the safe stopping distaaceselated
to the driving speed. Considering the transmiss@ange of
V2V, which is usually 300 metres, the number ofiglgs in
a cluster on motorways is related to the flow spagadvell.
Based on the safe stopping distance, we definscgrarios

@
=

number of vehicles in one cluster
i PO
a 5 & & & & &

=

5

30 40 50 60 70 80 90 00 110 120
flow speed(km/h)

Figure3. Service ratio

under different flow spe:
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m D, o @ m O @
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Y4

%

RSU—\

Database server

Figure4. Non-cluste service mode

TABLE I. SIMULATION PARAMETERS

Paramete Value
Frequency bar 5.85(-5.925 GH:
Channel bandwid 10 MHz
Receive powe -89dBm

sensitivity

Propagatio mode

Free space moc

Data rat 6Mbps, 12Mbp
Number of reques 20-25

Data siz 1000 bit:
Number of lane 3

Simulation timi 300¢

The transmission model is configured based on EEl

in simulation for the flow speed of 32, 48, 64, 88, 112 802.11p and IEEE 1609 Family. Table | gives theapaters

km/h, respectively. The relationship between thdicle
number and flow speed is shown in Fig. 3.

of the physical and MAC (Media Access Control) Izyef the
vehicular communication system and Table Il spesitihe

TABLE Il.  TRANSMISSION POWER INV2V AND V2|
Flow speec(knvh) 32 48 64 8C 96 112
V2V (mW) 0.80z 1.02C 0.89¢ 0.861 0.92¢ 0.711
V2| (mWw) 2.88t 2.89¢ 2.89( 2.841 2.87¢ 2.821
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evaluated for the same set of performances, featutie
service ratio, average service delay, throughpdt emergy
consumption.

&

——

—+— non-cluster-BMbps.
—%— non-cluster-12Mbps
cluster-6Mbps

—8&— cluster-12Mbps

B. Resultsanalysis

Fig. 5 shows different service ratios (or succdgsfie of
service delivery) of both Cluster-Based (CB) anchMuster
(NC) service models under 6 different scenarios waatti
different flow speeds and vehicle densities. CBiaas
higher and more stable service ratios than NC uradler
scenarios and at both 6Mbps and 12Mbps data rates.
service ratio of NC also shows a raising trend withincrease
of the flow speed. This is due to the lower vehidénsity
when the flow speed is higher, which reduces trésson
collision and congestion. When the flow speed is, Ithe
distance between vehicles is relatively short antemehicles
are involved within the same transmission rangadifeg to
more service requests and local data collected
transmission. In this scenario, by grouping vebhicieto
clusters, transmission loads between vehicles gldsRare
reduced, hence less collision events in the CB inthda in
the NC model. When vehicles move out of the trassion
range of RSU, those without support of clusters mot be
able to receive service packets directly from RBUL in the
cluster-based model, CMs can still obtain services the
CH that has stored service data from RSU as lorthegsare
in the transmission range with the CH via V2V.

service ratio

60

70 80
flow speed(km/h)

90 100 110 120

Figure5. Service ratio under different flow spe

—t+— non-cluster-6Mbps
X —#— non-cluster-12Mbps
cluster-6Mbps

—B— cluster-12Mbps

average service delay

includes the time spent on transmitting service datd the
waiting time for re-transmission when the previeesvice
delivery is failed. In the NC model, each vehicksho wait
for downloading service data from the RSU in tdrhis delay
is reduced in the CB model since only CH is invdive V2I
transmissions. In addition, more time can be séyeasing a
cluster where CH transmits aggregated sensingodéicted
from CMs and broadcasts service data from RSUadts
that request the same information. The delay grfiesented
in Fig. 6 is also correlated with the service raéisults shown
4 in Fig. 5. When the flow speed increases, theré heilless
collision or congestion cases as a fewer nhumberebfcles
are involved in transmission, thus in this scenahie CB
model does not show as much advantages as theyahwe

60 ) 80

flow speed(km/h)

Figure6. Average service delay under different flow sp¢

90 120

551

throughput{bps)
(&)

P flow speeds.
z el e In Fig. 7, itis shown that the CB model clearlymarforms
16 e i e e AR the NC model in terms of the network throughputerrall six
til T o et different scenarios. Throughput in the CB modelegpp to be
bl O duster-12Mtps more sustainable than that in the NC model, andgtiyes

80 7o 80

flow speed(km/h)

90 100 110 120

between them are data rate dependant. As we cahe&B’s
throughput at 6 Mbps is up to 2.3 times higher titeat of the
NC model, while when at 12 Mbps the differencenis@ased
o o ) to up to 5 times. However, the throughput of the iKodel
transmission power in different modes (V2V and V@ihich  ai50 increases with the flow rate as less sendgeasts are
are adopted in simulations. _ __generated at high flow speeds or low vehicle dissit

For the purpose of performance comparison with the  The average throughput of individual vehicles isvsh in
proposed service model, we have also simulatednd™e rig g versus the flow speed. Generally, the thinpug of
cluster model, as shown in Fig. 4 where the sanmebeu of  ndividual vehicles in all schemes increases with flow
vehicles and vehicle velocity are set in each sten@nce the  gpeed. As higher flow speeds correspond to lowaicke
vehicles enter the transmission range of the R3ldy t {ensities according to Fig. 3, lower congestiodate traffic
communicate with RSU directly via V2I. The two mézlare  anq, as a result, higher throughput will be exmatethis

Figure7. Throughput under different flow spet
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for

The average service delay is shown in Fig. 6, which



VEHICULAR 2018 : The Seventh International Conference on Advances in Vehicular Systems, Technologies and Applications

« 10%

25

—+— non-cluster-6Mbps
—#— non-cluster-12Mbps.
cluster-6Mbps

2 H|—B—cluster-12Mbps

average single throughput{bps)

30 40 50 60 70 80 20 100 110 120
flow speed(km/h)
Figure8. Average throughput of individual vehis under differen
flow speeds
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Figure9. Energy consumption under different flow spe

situation. In addition, it also correlates propamglly with the
data rate as well. At low flow speeds, the CB mdbdel a clear
throughput advantage over the NC model becausethg
helps to improve transmission efficiency. But th€ Rodel
can achieve competitively high throughput when flogv
speed increases and with a higher data rate.

The energy consumption performance in terms oJoeit
bit is demonstrated in Fig. 9 for the two servicedels.
Vehicles in a cluster exchange data with a RSUAZX, i.e.

V2V between themselves and V2| between CH and RS

while when clusters are not used all transmissielyson V2I.

This will make a significant difference in energynsumption
between the two service models, as shown in Fibike. the

results in other performance figures, the CB moigel
considerably more energy efficient than the NC nhoaled

this advantage is particularly evident in the |demfspeed
regions. The performance gap is closing down asfltve

speed increases.

V. CONCLUSION AND FUTURE WORK

In this paper, we propose a service delivery meidel/2X
in a vehicular network to improve the transmissdficiency
and reduce energy consumption. This model cantafée
provide vehicles with real-time traffic and envimental
information for selecting the best routes to tlkstinations
and avoiding traffic accidents or congestions. Anbmed

Copyright (c) IARIA, 2018.  ISBN: 978-1-61208-643-9

I

weighting metric is introduced in this paper anglega to
form clusters. The CH is selected based on the lityobnd
connectivity of vehicles to ensure the stabilityl afficiency
of data exchange and service delivery. As only Gits
responsible for direct communication with RSUs and
dissemination of service data to other vehiclabénetwork,
the cluster-based V2X approach presented in thik wan
significantly enhance service delivery efficienaydareduce
energy consumption. This has been shown by sinoulati
results, in terms of service ratio, average sendetay,
throughput and energy efficiency, in comparisonhwihe
performance of the V2| dominated non-cluster model.

Future work will consider more complicated scersiio
highway settings. The data aggregation method tall
extended to develop specific data fusion and iategy
algorithms based on the information entropy thedry.
addition, the two-way service model and associateergy
analysis schemes will be established and investigébr
developing a more realistic and efficient V2X seevilelivery
platform.

REFERENCES

[1] A. M. Vegni, M. Biagi, and R. Cusani, Smart \feles, Technologies
and Main Applications in Vehicular Ad hoc NetworkR§13.

[2] H. Noori and M. Valkama, "Impact of VANET-base®2X
communication using IEEE 802.11 p on reducing Vehitaveling time
in realistic large scale urban area," Proc. Intéwnal Conference on
Connected Vehicles and Expo (ICCVE), 2013, pp. 664-

[8] K. Liu, et al., "Network-coding-assisted datdssmination via
cooperative vehicle-to-vehicle/-infrastructure conmications,” IEEE
Trans. on Intelligent Transportation Systems, 1dl, pp. 1509-1520,
2016.

[4] Q. Wang, P. Fan, and K. B. Letaief, "On thenfoW2l and V2V

scheduling for cooperative VANETS with network augli' [IEEE Trans.
on Vehicular Technology, vol. 61, pp. 62-73, 2012.

] Y. L. Morgan, "Notes on DSRC & WAVE standardsits: Its
architecture, design, and characteristics," |EEEm@anications
Surveys & Tutorials, vol. 12, pp. 504-518, 2010.

[6] M. Jiang, J. Li, and Y. Tay, "Cluster Based Rog Protocol (CBRP).

Draft-ietf-manet-cbrp-spec-01," txt, Internet DrdETF1999.

[7] M.M.C. Morales, C. S. Hong, and Y.-C. Bangn"adaptable mobility-

aware clustering algorithm in vehicular network®toc. Network

Operations and Management Symposium (APNOMS), 2311 Asia-

Pacific, 2011, pp. 1-6.

I. Tal and G.-M. Muntean, "User-oriented cludbased solution for

multimedia content delivery over VANETS," Proc. EBnternational

Symposium on Broadband Multimedia Systems and Basthg

(BMSBY), 2012, pp. 1-5.

[9] M. Chatterjee, S. K. Das, and D. Turgut, "WGRweighted clustering

algorithm for mobile ad hoc networks," Cluster Cautipg, vol. 5, pp.

193-204, 2002.

R. D. Kuhne, "Greenshields’ legacy: Highwagffic," Transportation

Research E-Circular, 2011.

B. Association, Code of Federal RegulationgleT47: Parts 80-End

(Telecommunications): Federal Communications CormsigisRevised

10/05: Claitors Pub Div, 2006.

D. Krajzewicz, J. Erdmann, M. Behrisch, and Rieker, "Recent

development and applications of SUMO-Simulation bfban

MObility," International Journal On Advances in &ms and

Measurements, vol. 5, pp. 128-138, 2012.

C. Sommer, R. German, and F. Dressler, "Bdioaally coupled

network and road traffic simulation for improvedQ\analysis," IEEE

Trans. on Mobile Computing, vol. 10, pp. 3-15, 2011

[14] The Highway Code, https://www.gov.uk/guidaricethighway-code.

[4)]

[

[10]

[11]

(12]

(13]



