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We propose a position-based routing protocol for cognitive radio vehicular ad hoc networks (CR-VANETs) using a Kalman filter
algorithm. The protocol first selects an idle channel from among all the channels available to a vehicle while moving on a straight
road and then finds the best relay node to deliver the packet to the destination.The selection of a relay node is done by dividing the
vehicular transmission range into five regions, and then the source/relay node selects the one that is in the region having a higher
preference than other regions. Communication between two vehicles occurs only when both the vehicles are on the same channel.
Delay may increase while sensing the channel and selecting the relay node. To reduce the delay, we use aKalman filter to predict the
future positions of all moving vehicles in the network. We consider vehicle-to-vehicle communication and compare our protocol
for different probabilities of primary user being idle. Our proposed protocol shows improvement in both packet delivery ratio and
end-to-end delay.

1. Introduction

The demand for road safety has increased due to the increase
in the number of vehicles moving on the road. Commu-
nication among vehicles is becoming more important in
order to deal with various applications while traveling. These
applications include traffic safety to warn drivers about
accidents and road conditions, traveling information like
route information, hotel booking, and parking space booking
and all other entertainment-related information. Therefore,
cooperation among vehicles (for convenience, we use vehicle
and node interchangeable in the rest of the paper) is essential
for safe driving [1].

A vehicular ad hoc network (VANET) is a special class of
mobile ad hoc network (MANET) that incorporates wireless
technology in vehicles. It is the technology with which vehi-
cles communicate with each other, with or without the help of
roadside infrastructure, bymoving in and out of the network.
Communication with the aid of roadside infrastructure is
called vehicle-to-infrastructure (V2I) communication. On
the other hand, vehicle-to-vehicle (V2V) communication

occurs only between vehicles, without considering roadside
units [2].

The Federal Communications Commission (FCC) in the
United States allocated 75MHz of spectrum at 5.9GHz for
the exploitation of intelligent transportation system services
in 1999. IEEE 802.11p/1609 is the standard forDedicated Short
Range Communication (DSRC), which is an amendment
of IEEE 802.11. The European Union is also getting close
to allocating 30MHz of spectrum at 5.9GHz for vehicular
communications.DSRCchannels are reserved for automobile
communications only, but these have been found insuffi-
cient due to the increasing demands of vehicular applica-
tions. Therefore, the performance of vehicular networks may
degrade when these channels are overloaded [3, 4].

For that reason, cognitive radio (CR) seems to be a
technology to resolve this issue in VANETs.The performance
of vehicular networks can be improved by letting vehicles
use additional spectrum outside the DSRC band (e.g., TV
bands) [5]. Vehicles are allowed to opportunistically sense
the spectrum, provided they ensure the operation of the
primary user (PU) is not affected. The implementation of
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a CR network in VANETs is different from generic CR
networks due to the fact that, in CR-VANETs, two important
factors must be considered: dynamic behavior of vehicles and
their cooperation with each other.

Routing in VANETs has been considered a critical issue
in both academia and industry for decades. Due to high-
speed vehicles, sparse network conditions, and difficulty
in tracking destination vehicles, existing routing protocols
for MANETs are not suitable for VANETs. Therefore, in
VANETs, it is difficult for vehicles tomaintain a route between
source and destination. A lot of work has been done on
proposing routing protocols in both MANETs and VANETs.
Some protocols have been proposed for CR-MANETs. These
protocols cannot be directly applied to CR-VANETs for the
above reasons. Very few protocols have been proposed for
routing in CR-VANETs; the literature has been more focused
on spectrum sensing and spectrum management for CR-
VANETs.

In this paper, a novel spectrum-aware geographic routing
protocol is proposed for V2V communication in highway
scenarios. The vehicles are moving on a straight road in a
two-way direction. The road is divided into a number of
segments of equal length. The vehicles are allowed to use
any of the licensed TV channels when PU activity is not
affected. Spectrum sensing is performedwith the cooperation
of the vehicles, so that each vehicle has the list of spectrum
holes, which is updated among neighboring vehicles as an
additional entry in a beacon message. Vehicles periodically
update each other as to their current geographic positions,
and the Kalman filter is used to predict their future positions.
The relay is selected by dividing the vehicle’s transmission
range into five regions.

The remainder of the paper is organized as follows.
Related work is presented in Section 2. In Section 3, we
propose the spectrum-aware geographic routing protocol
using aKalmanfilter algorithm. Section 4 presents the perfor-
mance results, and finally, Section 5 provides the concluding
remarks.

2. Related Work

Routing in CR-VANETs is more challenging as compared
to conventional routing protocols in VANETs. Geographic
routing protocols for VANETs are divided into three main
categories: nondelay tolerant network (non-DTN), delay
tolerant network (DTN), and hybrid. Many studies have been
conducted to propose protocols (listed a few: GPSR [6],
VADD [7], and GeoDTN+Nav [8]) in these categories for
efficient routing in VANETs. A detailed comparison of these
protocols can be seen in our previous work [2]. These pro-
tocols aimed to provide end-to-end connectivity considering
latency and packet delivery ratio as essential metrics. As the
demand for multimedia applications increases, congestion
in vehicular networks and spectrum scarcity also increase
[9]. These existing routing protocols in the literature mainly
focus on successful delivery of packetwithout considering the
overburdened routes and scarcity of spectrum [10].

To the best of our knowledge, research in CR-VANETs
is very limited. CoRoute [11] is one of the known routing

protocols in the area of CR-VANETs for city scenarios. It is
an any-path routing protocol that differs from conventional
CR approaches in that it uses the unlicensed band and utilizes
multiple channels by allowing vehicles to coexist with the PU
on the same channel. CoRoute uses estimated transmission
time (ETT) as a route metric to estimate the transmission
time for a node two hops away from the querying node. It
achieved 100% improvement in throughput by considering
the destination node two hops away from the source node.
CoRoute does not ensure the same performance achievement
for long routes, where the destination is far from the source
node.

Liu et al. [12] proposed another routing algorithm for
CR-VANETs on a freeway map. In this algorithm, they first
calculated the expected link duration and then selected the
route that has the longest path duration. They assumed that
each vehicle can detect the spectrum accurately and that they
have geographic information about neighbors from a global
positioning system (GPS).They did not consider cooperative
spectrum sensing among vehicles. This algorithm calculated
relative distance, relative speed, and path duration. Their
results showed robustness in the network by considering the
ideal quality of the channel.

Spectrum-Aware Beaconless (SABE) geographic routing
[13] is a protocol proposed for CR-VANETs in which TV
bands are shared dynamically among cognitive radio-enabled
vehicles. This protocol uses one or more “CR information
polls” (i.e., base stations) to obtain a list of TV channels
that are free from PU activity. A relay node is chosen with
channels, transmission powers, and transmission rates jointly
by cognitive radio-enabled vehicles. The process does not
broadcast beacons. The information is acquired by overhear-
ing control packets.

All of these existing routing protocols for CR-VANETs
have some restrictions on the selection of both channel
and relay node. They make assumptions to improve the
success rates of their protocols. To reduce the delay in
VANET environment, they consider fixed units. Due to the
dynamic nature of both channels and vehicles, the network
topology in CR-VANETs changes very fast. Therefore, an
exact location of vehicles is difficult to determine in such
rapid changing environment. Consequently, there is a need
for an efficient routing protocol in CR-VANETs. This work
proposes a routing protocol in CR-VANETs which selects
the best relay node by combining cognitive capability and
prediction technique in order to overcome the problems of
spectrum scarcity and high latency in VANETs. Moreover,
the protocol is implemented for long-distance paths between
source and destination without considering roadside units.
This is a multihop multichannel cognitive routing scheme
in which spectrum sensing is done by cooperation of the
neighboring vehicles. Our goal is for communication to be
entirely V2V in highway scenario, without using any fixed
unit.

3. Proposed Protocol

We propose a position-based routing protocol for cognitive
vehicular ad hoc networks in a highway scenario. The
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Figure 1: An example illustrating channel and relay selection in a highway scenario.

purpose of using cognitive principles in a vehicular ad hoc
network is to increase the spectrum opportunities for V2V
communication. Like existing vehicular routing protocols in
the literature, this protocol also predicts the future positions
of vehicles by using aKalman filter.TheKalman filter helps to
reduce end-to-end delay while making routing more efficient
since delay is a critical issue in all routing algorithms.

The proposed protocol is a spectrum-aware geographic
routing protocol. As the name implies, it first senses the
spectrum with the cooperation of vehicles moving on a
straight road and then selects the best relay node closest
to the destination which has the same idle channel as the
source/relay node. The basic goal is to establish a stable
routing path between source and destination. It is cognitive
V2V communication in which all the nodes are moving
vehicles. Each vehicle is assumed to be equipped with a
GPS receiver to get its current position. The highway road
is assumed to be divided into segments of equal length, and
digital maps are assumed to be installed in each vehicle, so
each vehicle is aware of information about the segment it
is moving on. The highway roads generally have multiple
lanes but we assume two separate lanes for vehicles moving
in opposite directions (West-East and East-West) as shown
in Figure 1. We also assume that the TV band is divided into
𝑀 channels, and each channel can be utilized by a licensed
PU. Spectrum sensing is done by the energy detector. We
initially consider one-way direction of the vehicles and then
extend this work to find network connectivity when vehicles
are moving in two-way direction.

Considering vehicles moving in a highway scenario, we
divide the straight road into 𝑆 segments of equal length, 𝑙.
Theproposed protocol is twofold. First, cooperative spectrum
sensing is performed by merging the sensing information
collected by each vehicle individually, and then the best route
is selected on the basis of each node’s transmission range
weight factor from among the entire detected idle channels.
In the following section, we discuss these two parts.

3.1. Spectrum Sensing. We consider cognitive V2V commu-
nication in which both source and destination are moving
vehicles. The radio channel for V2V communication is
affected by three factors: path loss, small-scale fading, and
large-scale fading [14, 15].These factors have different impact
on system performance depending on the line-of-sight (LOS)
path between transmitter and receiver. In highway scenarios,
the LOS path exists between communicating vehicles if their
communication range is short and there is no obstacle in the
path. However, when the distance between two communi-
cating vehicles is large and traffic load is heavy, a non-LOS
(NLOS) component might occur. Usually, the path loss in the
former case is modeled by two-ray path loss model and the
Rician distribution is used tomodel small-scale fading. In the
latter case, the log-distance path loss model is more suitable
for NLOS cases and theRayleigh distribution is used tomodel
small-scale fading. Log-normal distribution is used to model
large-scale fading in both cases [16].

In this paper, we consider the Nakagami distribution to
model the fading of PU activity as the distribution describes
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statistical characteristics of both small-scale and large-scale
fading [14, 15]. Since the proposed scheme is for cognitive
V2V communication, spectrum sensing is the first step to
approach a free channel and starts the communication. In
cognitiveV2V communication, fading effectmay degrade the
sensing performance. Therefore, in the paper, we examine
the effect of the Nakagami fading of PU activity on the
performance of energy detector-based spectrum sensing
scheme by merging the local sensing results of each vehicle
with its neighbors to reduce fading impact on PU sensing
activity since individual vehicle cannot reliably detect the
presence/absence of PU due to fading.

The communicationmodel for spectrum sensing is based
on the IEEE 802.11p/1609.4 protocol [17] in which control
or management information and data transmission switch
between a common control channel (CCH) and a service
channel (SCH) at regular intervals, respectively. Both chan-
nels have the same interval of 50ms. In this paper, we
consider the samemodification in the communicationmodel
as suggested by Felice et al. [18]. A SCH slot is fixed for sensing
activity after every 150ms. The interval of sensing activity is
equal to SCH slot, that is, 50ms. Each vehicle can select any
of the 𝑀 channels and periodically senses the spectrum by
using the energy detector [19].

We consider the cooperative spectrum sensing [18] in
order to obtain the list of sensing results (LSR) of each
vehicle moving within range of the spectrum horizon size, ℎ.
Spectrum horizon size, ℎ, is the range of highway segments
up towhich each vehicle keeps record of spectrum availability
in its list. The results from the sensing activity are stored in a
spectrum availability table, which has the following contents
for each vehicle:

⟨𝑆, 𝑓, 𝐸𝑆,𝑓, 𝑛𝑆,𝑓⟩ , (1)

where 𝑆 represents the segment where the vehicle is moving,
𝑓 is one of the𝑀 channels,𝐸

𝑆,𝑓
is themean value of the power

of the signal at channel 𝑓 and segment 𝑆
𝑘
(𝑘 can be 𝑐, 𝑐 + ℎ or

𝑐−ℎ, where 𝑐 represents current state), and 𝑛
𝑆,𝑓

is the number
of samples at channel 𝑓 and segment 𝑆

𝑘
.

Each vehicle keeps a record of the information in its
spectrum table for segments to horizon size, ℎ. As vehicles are
moving, their segments will change continuously. Therefore,
vehicles update their horizon size ℎ for the next segment it
is moving on and remove entries of the previous segments
automatically. Thus, any information outside the range of
horizon size ℎ of each vehicle will automatically be deleted
from the table. Vehicles periodically update their spectrum
table at a fixed interval. If vehicle 𝑅1 moving in segment
𝑆𝑐+1 receives a message from vehicle 𝑅2, which is moving
in the next segment and is within communication range of
𝑅1, the table of 𝑅1 is updated by the following merging rule
[18]:

𝐸
𝑅
1

𝑆,𝑓
= (1 − 𝛼) 𝐸

𝑅
1

𝑆,𝑓
+ 𝛼𝐸
𝑅
2

𝑆,𝑓
, (2)

where 𝛼 is the ratio of number of sensing samples in vehicle
𝑅
2
to total number of sensing samples between two vehicles

as defined by

𝛼 =

𝑛
𝑅
2

𝑆,𝑓

𝑛
𝑅
1

𝑆,𝑓
+ 𝑛
𝑅
2

𝑆,𝑓

. (3)

Each vehicle then detects ON/OFF PU activity for the
given horizon size ℎ by using binary hypothesis model which
is defined as

𝐻(𝑆, 𝑓)
𝑅
1

=

{

{

{

0 if 𝐸
𝑅
1

𝑆,𝑓
≤ 𝜌

1 if 𝐸
𝑅
1

𝑆,𝑓
> 𝜌.

(4)

On the basis of this information, each vehicle nowhas LSR for
all the channels in its path for the horizon size, ℎ. Therefore,
in this way, each vehicle knows the availability of channel
in the next segment in advance. As vehicles are moving in
two-way direction we consider LSR for the previous, current,
and future segments (for one-way scenario LSR depends on
current and future segments only): that is,

LSR = {𝐻 (𝑆𝑖, 𝑓)} , (5)

where 𝑆
𝑖
= [𝑆
𝑐−ℎ

, 𝑆
𝑐
, 𝑆
𝑐+ℎ

].
Now, this list of holes is used by the source/relay node

to select the best relay node for establishing a routing path
to the destination. This selection is done by choosing the
common idle channel from the list when two nodes intend
to communicate with each other in order to form the
path between source and destination. The following section
explains how routing is done in V2V communication using
the LSR.

3.2. Relay Selection. In this subsection, we explain how the
proposed routing protocol works by using the LSR obtained
in the previous subsection. We divide the vehicular range of
each node into five regions (𝑟/5, 2𝑟/5, 3𝑟/5, 4𝑟/5, and 𝑟) [20],
where 𝑟 is the radius of the circle. Each region is assigned
a weight factor, 𝑊, in the following manner. The maximum
value 𝑊 = 5 is assigned to the vehicles moving between 3𝑟/5

and 4𝑟/5. 𝑊 = 4 is assigned to vehicles moving between
4𝑟/5 and 𝑟, 𝑊 = 3, to vehicles moving between 2𝑟/5 and
3𝑟/5, 𝑊 = 2, to those moving between 𝑟/5 and 2𝑟/5, and
𝑊 = 1, for vehicles moving within the range 𝑟/5. The reason
for assigning the maximum value 𝑊 = 5 in that region is to
minimize the number of dropped packets by giving a lower
preference to nodes moving near the boundary of the circle,
because there are more chances for those vehicles to move
out of communication range. In geographical routing such as
GPSR [6] (a benchmark scheme), a node is selected as a relay
node which is closest to the destination, that is, selecting the
furthest node from the source node. Our scheme is jointly
handling two critical issues: selection of channel as well as
relay node. We intend to increase the packet delivery ratio
by decreasing the packet delay and overhead. Therefore, if
we assign 𝑊 = 5 near the boundary of the circle, vehicles
may move out of communication range quickly due to their
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varying speed. By knowing the future positions of vehicles
using the Kalman filter, the querying node may know that a
relay node near the boundary of circle moving with higher
speed then the querying node will be out of communication
range shortly in the future positions. Also, if we assign 𝑊 =

5 closer to the source node, the number of hops will be
increased which increases the overhead. For that reason,
delay will also be increased due to selecting the channel for
large number of hops.Therefore, the region between 3𝑟/5 and
4𝑟/5 is safer than others such that there are fewer chances
for the source/relay node to create multiple hops within its
transmission range.

To initiate routing, each node first broadcasts a beacon
message to all its neighboring nodes. We assume that all
nodes are periodically sending beacon messages to update
neighbors with their current status. Also, we assume that the
source node can get the current position of the destination
node using a reactive location service algorithm [21]. The
beacon message includes the following entities: the vehicle’s
ID, position, speed, and LSR:

⟨ID, position, speed, LSR⟩ , (6)

where position coordinates (𝑥, 𝑦) are calculated using
the GPS and speed is calculated using the equation
√(𝑥
2
− 𝑥
1
)2 + (𝑦

2
− 𝑦
1
)2/[(𝑡 − 1) − 𝑡]. (𝑥

1
, 𝑦
1
) is the previous

position of the vehicle at time 𝑡 − 1, and (𝑥
2
, 𝑦
2
) is the current

position at given time 𝑡. The future position of all moving
vehicles is predicted by the Kalman filter. We will discuss
the Kalman filter in the next subsection. Each node updates
its table by receiving the beacon messages from neighboring
nodes. Then the source node selects the best relay node
among all the neighboring nodes in its transmission range
using the following strategy.

Let us assume some vehicles are moving on the highway,
as shown in Figure 1. We assume that transmission range
of the PU may affect several segments. By considering the
example scenario in Figure 1, we can better understand how
the source node selects the relay node to communicate with
the destination node.The source node, which is in the current
segment 𝑆

𝑐
in the region 𝑊 = 1, wants to communicate

with a destination node outside its communication range,
that is, in segment 𝑆

𝑐+5
. After sending the beacon message

to all the nodes within its transmission range, the source
node calculates 𝑊 for all its neighbors and then chooses the
relay node that has the following two factors: (1) relay node
and source node are on the same channel, which is selected
from the LSR (here, it is noteworthy that in the paper we
adopt a random selection when there is more than one same
channel between two communicating vehicles. An efficient
allocation scheme may be considered as a future work), and
(2) the relay node is in the region 𝑊 = 5 and is closer to
the destination than other nodes. In the region 𝑊 = 5, there
is only one car 𝑅1 moving in the opposite direction of the
destination. Therefore, 𝑅

1
is selected as the first relay node.

Then, 𝑅
1
repeats the same steps to find another relay node.

The same procedure is repeated until the message reaches the
destination node. If there is no node in range 𝑊 = 5, then
preference will be given to other values of 𝑊 accordingly.

Using this approach, there are more chances for a packet to
reach the destination safely without the risk of a large number
of dropped packets, but performance may be affected due to
selection of the same idle channel. The flowchart for relay
selection mechanism is represented in Figure 2.

3.2.1. Kalman Filter Model. To make routing efficient by
achieving a reasonable end-to-end delay, we use a Kalman
filter in our proposed routing protocol to predict future
positions of all vehicles on the highway. As we assume that
vehicles are equipped with GPS, it provides an estimation
of position within a few meters. Therefore, there must be
some errors due to environmental factors that can degrade
network performance. By using the Kalman filter algorithm,
an estimation of the state from a series of noisymeasurements
is calculated [22, 23].

The Kalman filter has two vectors [23] (state vector and
measurement vector) and it consists of two equations: a
process equation and a measurement equation. The state
vector consists of position 𝑃𝑡 and speed V𝑡 of a vehicle: that
is, 𝑢
𝑡
= [
𝑃
𝑡

V
𝑡
]. The process equation predicts the future value

of the vehicles at time 𝑡 + 1, depending on the given time
𝑡; and the measurement equation, which is also called an
observation equation, gives the observation value from the
GPS. The process equation and measurement equation are
defined by (7) and (8), respectively:

𝑢
𝑡+1

= 𝐴𝑢
𝑡
+ 𝜀
𝑢
, (7)

𝑧
𝑡
= 𝐻𝑢
𝑡
+ 𝜀
𝑧
, (8)

where 𝐴 and 𝐻 are state transition and measurement matri-
ces, respectively, 𝜀

𝑢
is process noise, and 𝜀

𝑧
is measurement

noise. Both noises have a normal distribution with zeromean
and a covariance matrix of 𝑄 and 𝑅, respectively.

The algorithm provides a set of mathematical equations
to predict the unknown state on the basis of measurement
values. A more in-depth description of the Kalman filter
can be found in [24]. The following equations show how
the Kalman filter measures the predicted and new values of
moving vehicles. For this purpose, the algorithm is further
divided into two steps: a prediction step and an update step.
As the name implies, the prediction step predicts the state and
covariance at time 𝑡+1, whereas the update stepmeasurement
is done by a combination of predicted state and observation
value.Thepredicted values of state and covariance are defined
as

�̂�𝑡+1 = 𝐴𝑢𝑡,

𝑃
𝑡+1

= 𝐴𝑃
𝑡
𝐴
𝑇

+ 𝑄.

(9)

And the new estimated values of each vehicle are defined as
�̂�
𝑡+1|𝑡+1 = �̂�𝑡+1|𝑡 + 𝐾 [𝑧𝑡+1 − 𝐻�̂�𝑡+1|𝑡] ,

𝑃𝑡+1|𝑡+1 = 𝑃𝑡+1|𝑡 − 𝐾 (𝑅 + 𝐻𝑃𝑡+1|𝑡𝐻
𝑇
)𝐾
𝑇
,

(10)

where 𝐾 is the Kalman gain calculated from

𝐾 = 𝑃
𝑡+1|𝑡

𝐻
𝑇
[𝑅 + 𝐻𝑃

𝑡+1|𝑡
𝐻
𝑇
]
−1

. (11)
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Figure 2: A flowchart representing relay selection mechanism.

Therefore, we can estimate the future values of position and
velocity of vehicles by using the Kalman filter algorithm.

4. Performance Evaluation

We evaluate the performance of our proposed protocol in
MATLAB using the example highway scenario as shown in
Figure 1. We divide the highway into 15 equal segments, each
a 100m length. The spectrum band is divided into 𝑀 = 5

channels and each channel can be occupied by a licensed
PU.Nakagami propagation model is considered to model the
fading impact on PU activity. Horizon size, ℎ = 1. In this
example scenario, vehicles are moving at various speeds from
10m/s to 40m/s. The number of relay nodes varies from 10
to 30, each having a transmission range, 𝑟 = 200m. Our
simulation results are the average of 15 runs.

For simplicity, we denote our proposed protocol as the
Kalman filter-based Cog-VANET. A comparison is made
between the Kalman filter-based Cog-VANET and the classic
Cog-VANET using different probabilities of the PU being
idle. Classic Cog-VANET is a combination of two schemes
proposed by Felice et al. [18] and Dhurandher et al. [20].
We simulate these two schemes in MATLAB and name
them as Classic Cog-VANET. We evaluate our protocol for
both one-way and two-way directions of the vehicles to find
network connectivity. Three metrics are used to evaluate the
performance of our proposed protocol:

(a) packet delivery ratio;

(b) end-to-end delay;

(c) routing overhead.

First, we evaluate the packet delivery ratio of the Kalman
filter-based Cog-VANET and the classic Cog-VANET for
different idle probabilities of PU for both one-way and two-
way highway scenarios. We take the number of relay nodes
as an independent variable and we select only those nodes as
relay nodes that are moving between source and destination.
The nodes moving away from any current positions of source
and destination have not been considered in this work.
Packet delivery ratio is defined as the ratio of number of
packets delivered to the destination to number generated
by the source node. Figure 3 shows that the delivery ratio
increases with an increase in the number of vehicles. By
predicting the future positions of vehicles, we achieve 82%
packet delivery for one-way highway scenario and 87% for
two-way highway scenario when there are more vehicles on
the road as shown in Figures 3(a) and 3(d), respectively.
Moreover, the Kalman filter-based Cog-VANET outperforms
the classic Cog-VANET in both scenarios, even when there
are fewer vehicles because predicting the future positions
helps the querying node to find the best relay node that
makes stable routing path. Figures 3(b)-3(c) and Figures 3(e)-
3(f) show packet delivery ratios with different probabilities of
PU 𝑃(𝐻0) for the Kalman filter-based Cog-VANET and the
classic Cog-VANET for both one-way and two-way scenarios,
respectively. As the probability that the PU remains idle
decreases, the performance of the delivery ratio decreases.



Journal of Sensors 7

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Pa
ck

et
 d

el
iv

er
y 

ra
tio

12 14 16 18 2010
Number of vehicles

One-way highway scenario

Classic Cog-VANET withP(H0) = 1

Kalman filter-based Cog-VANET withP(H0) = 1

(a)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Pa
ck

et
 d

el
iv

er
y 

ra
tio

12 14 16 18 2010
Number of vehicles

One-way highway scenario

Kalman filter-based Cog-VANET withP(H0) = 1

Kalman filter-based Cog-VANET withP(H0) = 0.8

Kalman filter-based Cog-VANET withP(H0) = 0.6

(b)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Pa
ck

et
 d

el
iv

er
y 

ra
tio

12 14 16 18 2010
Number of vehicles

Classic Cog-VANET withP(H0) = 1

Classic Cog-VANET withP(H0) = 0.8

Classic Cog-VANET withP(H0) = 0.6

One-way highway scenario

(c)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
Pa

ck
et

 d
el

iv
er

y 
ra

tio

15 20 25 3010
Number of vehicles

Classic Cog-VANET withP(H0) = 1

Two-way highway scenario

Kalman filter-based Cog-VANET withP(H0) = 1

(d)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Pa
ck

et
 d

el
iv

er
y 

ra
tio

15 20 25 3010
Number of vehicles

Two-way highway scenario

Kalman filter-based Cog-VANET withP(H0) = 1

Kalman filter-based Cog-VANET withP(H0) = 0.8

Kalman filter-based Cog-VANET withP(H0) = 0.6

(e)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Pa
ck

et
 d

el
iv

er
y 

ra
tio

15 20 25 3010
Number of vehicles

Classic Cog-VANET withP(H0) = 1

Classic Cog-VANET withP(H0) = 0.8

Classic Cog-VANET withP(H0) = 0.6

Two-way highway scenario

(f)

Figure 3: Continued.
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Figure 3: Performance comparison between the Kalman filter-based Cog-VANET and the classic Cog-VANET for one-way and two-way
highway scenarios in terms of packet delivery ratio for different idle probabilities of the PU.

The reason for decrease in delivery ratio is facing difficulty
in finding common free channel when the idle probability of
PU decreases. It means that the channel is being occupied
by the licensed user for long duration of time. Hence,
vehicles do not have common idle channel to communicate
with each other when probability of PU 𝑃(𝐻0) decreases.
This increases the network fragility which degrades overall
network performance. It is also noteworthy from Figures
3(b) and 3(c) that when there is less number of nodes in
the network, the delivery ratio decreases to 41% in Kalman
filter-based Cog-VANET and 23% in classic Cog-VANET for
one-way highway scenario. However, for two-way scenario
when there is less number of nodes as shown in Figures 3(e)
and 3(f), the delivery ratio is comparatively better because
of having knowledge of both previous and future segments.
Hence, the overall performance is found to be degraded
when the network is sparse due to not finding an idle
channel as well as best relay node to make communication
possible. Nevertheless, it is clearly depicted from Figure 3
that the Kalman filter-based Cog-VANET outperforms the
classic Cog-VANET in all scenarios. Therefore, we conclude
that the availability of the channel, prediction of vehicles’
next positions, and the connectivity of the network are
important factors for efficient performance of the network.
Figure 3(g) shows the comparison between two different
highway scenarios. It can be clearly depicted from figure that
vehicles moving in opposite directions in two-way scenario
provide stable paths between source and destination which
increases packet delivery ratio and therefore increases the
connectivity of the network. Also, due to the fact that LSR has
information of both previous and future segments in two-way
scenario, it performs better than one-way scenario.

Figure 4 shows the performance of end-to-end delay for
both the Kalman filter-based Cog-VANET and the classic
Cog-VANET considering both highway scenarios. End-to-
end delay is defined as the difference between the start time

and the end time of a packet going from source to destination.
As the number of relay nodes increases, network connectivity
improves; therefore, end-to-end delay decreases. The reason
that the delay for the Kalman filter-based Cog-VANET shows
better performance is due to prediction of future positions
of all the vehicles. In the classic case, the source node has
to wait for a reply to the beacon message for every entry in
the routing table. However, using the Kalman filter, one can
predict the future positions, which save route time and reduce
the number of beacon messages that need to be sent to the
destination node. Another factor that affects the performance
of end-to-end delay is the selection of an idle channel. We
can also see from Figure 4 that when considering the case
of vehicles moving in the opposite lane, both classic Cog-
VANET andKalman filter-based Cog-VANET perform better
than one-way scenario. The reason for the less delay in two-
way scenario is due to connectivity and exchange of channel
information of previous segments as well. By considering
the vehicles moving in opposite lanes, the LSR has more
information about the state of channels at different locations.
Consequently, selecting an idle channel in two-way scenario
consumes less time than one-way scenario. Therefore, delay
is longer in case of classic Cog-VANET one-way scenario
because nodes consume more time in finding next positions
of their neighboring nodes as well as in reselecting an idle
channel.

Figure 5 shows the impact of routing overhead when
number of nodes in the network is increased. The routing
overhead is defined as the number of beacon messages
needed to deliver a packet to the destination. The number
of beacon messages increases with the increasing number
of nodes. By predicting the future positions, vehicles do
not need to search for next locations; therefore, the number
of beacon messages for Kalman filter-based Cog-VANET in
both scenarios is always less than classic Cog-VANET. We
also observe that the routing overhead for two-way highway
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Figure 4: Performance comparison between the Kalman filter-
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Figure 5: Performance comparison between the Kalman filter-
based Cog-VANET and the classic Cog-VANET for one-way and
two-way highway scenarios in terms of routing overhead.

scenario for the same number of nodes in each protocol is
less than the routing overhead for one-way highway scenario
of their corresponding protocol. Hence, the Kalman filter
increases the overall performance of the network by reducing
routing overhead as well as end-to-end delay.

The impact of idle probability of PU for both metrics
(end-to-end delay and routing overhead) provides results in

the same pattern for each scenario as shown in Figure 3;
that is, with an increase in probability we experience a
decrease in both end-to-end delay and routing overhead.
A complete analysis of our simulation results show that
as packet delivery ratio increases, end-to-end delay and
routing overhead for both one-way and two-way highway
scenarios decrease accordingly. Therefore, for the sake of
space limitation we omit the results that show the effect of
different idle probabilities of PU on end-to-end delay and
routing overhead.

5. Conclusion

In this paper, we have proposed a novel routing protocol for
cognitive vehicular ad hoc networks for highway scenarios.
The combination of both channel selection and relay selection
in vehicle-to-vehicle communication without considering
any roadside units for long-distance paths between source
and destination makes this protocol unique from all the
existing protocols of cognitive VANET in the literature. This
is a position-based routing protocol in which the Kalman
filter is used to predict the future positions of the vehicles.
With the use of the Kalman filter algorithm, our protocol
shows better performance for packet delivery ratio and end-
to-end delay. In the future, we will extend this work to city
scenarios and also for different channel propagation models
in both highway and city scenarios.
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