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Abstract—The current trends in vehicular adhoc networks are bringing a variety of changes to the
existing one. The primary focuses in the area of vehicular adhoc networks are connectivity and file
distribution which is broadcast by roadside units to the onboard units during handoffs. The connectivity
of vehicular adhoc network can be improved by the use of cognitive radio networks with interference
management approach. Then the networks are known as cognitive radio vehicular adhoc networks. The
inter ference management approach can be done cooper atively where each individual node assign weights
on the channdl and short their channelsto reduce the interference. But this type of interference approach
is unnecessary in the highway as the spectrum remains low and clean. The other possible disadvantage is
that the node shares its information with other nodes in the networks. Its solution is to use multiple
antennas to improve the connectivity in cognitive radio vehicular adhoc networks which improves the
data rates in highways. This paper proposes the approach to use of multiple antennas to improve the
connectivity of cognitive radio vehicular adhoc networks during handoffs. The modification is done in
available non-cooper ative approach and coalitional graph game based approach. The simulation results
show that the proposed approach increases the data rate compared to available approaches, reducing the
interference and improving the connectivity in cognitive radio vehicular adhoc networks.

K eywor d-Cognitive radio, CR VANETS, connectivity, antenna, non-cooperation, cooperation and handoffs.
I INTRODUCTION

The current trends in wireless networking have raised the demand of extra spectrum bands. But the current
wireless networks are bound with fixed spectrum allocation policy which is being regulated by the government
agencies. The current fixed spectrum allocation policies used by the government agencies are unable to
accommodate the growing demand of the wireless networks [1], [2]. As per Federal Communication
Commission (FCC), up to 85 % of the allocated spectrum is underutilized due to allocation of fixed spectrum
bands. This produces the large gap between current increased demand of extra spectrum bands and fixed
spectrum allocation policy. To overcome this gap, FCC has suggested to use the underutilized spectrums and
spectrum portions which are not in use called vacant spectrum bands or white spaces [3], [4], [5], [6]. This
generates the new area of research and development of Cognitive Radio Networks (CRNs) technology which is
a key enabling technology that uses underutilized spectrum bands [7], [8].

The current trends in vehicular adhoc networks (VANETS) are bringing a variety of changes to the existing
[9], [10], [11]. The VANETS are envisioned to provide connectivity to vehicle to vehicle (V2V) and vehicle to
roadside (V2R). The data are handoffs between OBUs and between OBUs and RSUs. The connectivity of
VANET scan be improved by the use of cognitive radio networks, called cognitive radio vehicular adhoc
networks (CR VANETS) [12]. By using CR, it is possible to use other unused available channels with in better
condition with increased data rate. Hence, the main advantage CR VANET: is that it does not require additional
bandwidth and provides enhanced data rate. The main issue with CR VANET is connectivity to communicate
data among nodes [13]. [13] Discussed CR technologies for VANETs aimed at improving its communication
efficiency via dynamic spectrum access, adaptive software defined radio and cooperation etc. [14] study the
analytical approach in wireless adhoc networks which says that complete cooperation and non-cooperation are
not a proper approach to communicate data among nodes. [15] Discussed coalitional graph games for popular
content distribution in CR VANETSs. Its aim is to enhance the connectivity of CR VANETSs when data are been
transmitted during handoffs with the interference management approach. The interference management
approach is done via non-cooperation approach and cooperation approach. The cooperation approach is done by
coalitional graph game theory model in which OBUs self-organize into coalitions to coordinate their V2V and
V2R communications in CR VANETSs. But this type of interference approach is unnecessary in the highway as
the spectrum remains low and clean. The other possible disadvantage is that the node shares its information with
other nodes in the networks.

Its solution is to use multiple antennas to improve the connectivity in CR VANETSs which improves the data
rates which is the main contribution of this paper. This paper proposes the approach to use of multiple antennas
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to improve the connectivity of CR VANETSs during handoffs. The modifications are done in non-cooperative
approach and coalitional graph game based approach available in [15]. The simulation results show that the
proposed approach increases the data rate compared to available approaches, reducing the interference and
improving the connectivity in CR VANETs.

The rest of paper is organized as follows. Section II provides system model and available approaches. Section
III provides the proposed approach: multiple antennas based modified approach. In section IV, numerical results
are presented and section V provides the conclusion of this paper and scope of future work.

. SysTEM MODEL WITH AVAILABLE APPROACHES

Let single omnidirectional antenna is used in OBUs and RSUs of CR VANET. The distance between RSUi
and OBUI1 is assumed to be di.In case of V2R communication, the gain of channel between RSUi and OBUiis
given by [15]

h; = ad;? €))
where a is complex Gaussian random variable with unit variance and zero mean.

The corresponding channel capacity between RSUi and OBUi is given by [15]

¢; = Wlog, (1 + BIhy[?) @)
whereW is the bandwidth for the channel between RSU and OBU.

B is a scale factor which is the transmit power of RSU.

The pure broadcasting schemes do not allow V2V communication in VANETs.

During V2V communication, the channel gain h{fj, i # jbetween OBUs in the k™ unauthorized channel is
given by as above if line of sight link is present between OBUs. The channel capacity is given by [15]

R 2
cfy = Widog, (14 Bi|hiy] ) k=1,2, .......... K 3)
whereW is the bandwidth for the channel k between OBUs.

B; is a scale factor which is the transmit power of OBUi.

A. Non-Cooperative Approach: In non-cooperative approach, the nodes do not cooperate with each other
when the packets are handoff between different nodes. The packets are requested at the beginning of the time
slot having the time period of each slot is T.

The remaining transmit time left is (T-k;t) where k; is sensed channels from the total channels and t is
constant time. The transmission rate is given by [15]

T-Kjt
R = (=) ¢fi ke (4)

The OBU selects the channel with largest transmission rate and the channel capacity which is a function of

f(k;). Let £ (kj ) = Aln(k; + 1) and T = kt. Now, the transmission rate can be written again as follows [15]

(k4D In(k; +1) +k; = k )

B. Coalitional Graph Game Based Approach: This is game theory approach in which OBUs self-organize
into coalitions to coordinate V2V and V2R communication when the packets are handoff. Here OBUs connects
the other one to maximize its own utility. The utility function is graph based function explained in [15].

In this paper, the probability of false alarm, Prand the probability of miss detection, P, are assumed to be
fixed. The work does not try to show the impact of these parameters. Calculation of these parameters under
various environmental conditions can be the extension of this work.

Let P, is the probability that there is no primary user in the channels during V2V communication. The total
number of available channels are Py,. OBU i € N; has occupied one of them. Then, the probability that OBU j’s
neighbor do not occupied the same channel is given by [15]

P = (%) ©

The probability that the communication from OBU i to OBU j do not collide with primary user is [15]

b_ Po(1-Pp)
W Po(1-Pp)+(1-P)Pm )

Hence, the probability of successful communication from OBU i to OBU j is given by [15]

_ b
P = P3Rj
_ (KPo—l)lNil Po(1-Py) ®)
KPg Po(1-Pg)+(1-Pg)Pm
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The above equation provides the utility which corresponds to number of packets successfully communicated
as discussed in [15].

1. PROPOSED APPROACH: MULTIPLE ANTENNAS BASED M ODIFIED APPROACH

The multiple antennas based modified approach uses multiple antennas at RSUs and OBUs. The antennas
provide the resistance to fading which improves the connectivity in terms of increased data rate. The antenna
utilization parameter is taken into consideration. Let the utilization parameter for single antenna is 1. It can be
related to channel capacity [16], [17].[17] Proposes the beam forming algorithms for cognitive radio networks
for achievable data rate and isequipped with multiple antennas. It is proved that Nfx2 (Nf transmit antennas at
the cognitive transmitter and 2 receive antennas at the cognitive receiver) MIMO link nullifies interference by
maximizing data rate. If more than one antenna is used then the value of utilization parameter of multiple
antennas is more than one. It depends on the number of antenna used.

Let NA be the number of antennas used in CR VANET at RSUs and OBUs. Then the utilization parameter is
given by
log(Np+1)

log(2) (9)

If NA =1, then UA = 1.NA>1, then UA> 1.During V2R communication, the channel capacity between RSU

and OBU i is given by

UA =

(ca)ua = UA[Wlog, (1 + Blh;|?)] (10)
During V2V communication, the channel capacity is given by
N 2
(cX)ua = UA[W,log, (1 + Bi[hl5 )], k=1,2,.......... JK (1)
The transmission rate using non-cooperative approach is given by
T-K; T
Ry = VA|(=E) of [k e k; (12)

The OBU selects the channel with largest transmission rate and the channel capacity which is a function of
f(k;).
Let f(k;)ya = UA[AIn(k; + 1)]

During the coalitional graph game based approach, the probability of successful communication from OBU i
to OBU j is given by

[Pi,j]UA = UA[(P3P))]

-1\ il -
—UA [(KPO 1) Po(1-Pp) (13)

KPo Po(1-Pf)+(1-Po)Pm

The above equation provides the utility which corresponds to number of packets successfully communicated
as discussed in [15].

V. NUMERICAL RESULTS

The performance of various available approaches and proposed approach is simulated and evaluated under
various conditions. The main simulation parameters are given in table I.

TABLE I. SIMULATION PARAMETERS

Definition Variable
Number of antennas used at RSU and OBU Ny=1~2
Number of channels for V2V communication K= 1~10
Number of sensed channels for V2V communication k= 1~k
Transmit power of OBUs and RSUs p=1dB
Probability of miss detection P,=0.1
Probability of false alarm Pr=0.1
Initial distance of OBU before it crosses RSU D;=30m
Distance of OBU after it crosses RSU D, =70 m
Bandwidth for V2R channel W =1 unit
Bandwidth for V2V channel W =1 unit
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Fig.1. Total throughput as a function of time

Fig.1. shows the total throughput as a function of time for pure broadcast approach and coalitional graph game
based approach for CR VANET. It is shown that for pure broadcast scheme, the total throughput increases as
OBUs enter in the communication range of RSUs. Its value decreases to zero as OBUs leave this area. The
coalitional graph game based approachperforms better in terms of increased throughput. The packets are still
transmitted between OBUs even after OBUs leave RSUs area. It is also shown that total throghput increases
untill OBUs exchange data and then decreases in both proposed approaches. In brief, coalitional graph game
based approach provides better connectivity than pure broadcast approach when packets are handoff in CR
VANET.
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Fig. 2. Data rate as a function of number of sensed channels

Fig. 2 shows that the data rate variation with number of sensed channels. The sensed channels kj varies from 1
to 10 in all the three approaches. As can be seen, the best performance in terms of data rate occurred when kj = 4
which coordinates to equation (5) in all the three approaches. Hence, application of multiple antennas based
modified approach is correct and applicable to improve the connectivity of CR VANETs.

DOI: 10.21817/ijet/2017/v912/170902128 Vol 9 No 2 Apr-May 2017 972



ISSN (Print) :2319-8613

ISSN (Online) : 0975-4024 Krishan Kumar et al. / International Journal of Engineering and Technology (IJET)
1 5 15 T T 15 T T T T 5k
—-2—- Non-Cooperative Approach P .
Coalitional Game Based Approach *
""" *---—- Multiple antennas based modified approach

Packets Possessed

K-Channels

Fig.3. Packet possessed as a function of number of channels

Fig. 3 shows the packets possessed as a function of number of channels. As seen, there is considerable
improvement in the connectivity in term of packets possessed with multiple antennas based modified approach
compared with other approaches. Its effects are high when the number channels are large. The numbers of
channels are large in highway as plenty of holes are there with CR networks. Hence multiple antennas based
modified approach is more effective in CR VANETs.

V. CONCLUSION

This paper proposes the approach to use of multiple antennas to improve the connectivity of CR VANETSs
during handoffs. It shows that coalitional graph game based approach provides better connectivity than pure
broadcast approach when packets are handoffs in CR VANETSs. The packets are still transmitted between OBUs
even after OBUs leave RSUs area using V2V communication. But major disadvantage with coalitional graph
game based approach is the sharing of information among nodes because of its cooperative nature. Hence the
modification is done in available non-cooperative approach and coalitional graph game based approach by
introducing antenna utilization parameter which uses two number of antenna at OBUs and RSUs. It is found that
this approach works correctly and finds considerable improvement in the data rates and packets possessed. Thus
itreduces the interference and improving the connectivity in CR VANETSs.In future work, itcan be interesting to
add the amount of cooperation in the above work. This can be done by adding the concept of percolation for
connectivity in cooperative secondary networks. The values of percolation threshold decide the amount of
cooperation. The secondary network may have other secondary network acting as a relay. The less power is
required to sustain the same level of connectivity using cooperation or percolation.
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