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Abstract. High mobility of vehicles, limited transmission range of
roadside units (RSUs), and channel status (busy or idle) cause dynamic
topological changes in Vehicular Networks (VNs). Due to these dynamic
topological changes, maintaining full connectivity arises as a main com-
munication challenge in VNs. Moreover, the high number of channel
switching also effects the quality of network connectivity causing an
another significant problem in VNs. In order to overcome these chal-
lenges, we analyze the full connectivity provisioning in VNs by proposing
four cognitive channel selection algorithms, parameterizing the vehicle
satisfaction ratio and the number of channel switching. Specifically, the
proposed channel selection algorithms provide minimal channel switch-
ing ratio while conserving full network connectivity. We also compare the
results of multi-channel selection and single channel selection and sim-
ulation results show that network connectivity can be enhanced while
optimizing the channel switching with our proposed cognitive channel
selection algorithms.

Keywords: Vehicular networks ·Network connectivity ·Channel switch-
ing · Dynamic channel allocation

1 Introduction

With recent advances in online embedded mobile applications, traffic safety and
efficiency have gained major importance in vehicular networks. Among them,
online safety, monitoring, tracking and infotainment applications can be listed
as leading examples. To support these applications and to enhance network per-
formance, RSUs are deployed for vehicle to infrastructure (V2I) communication
pattern. However, one of the main distinct characterization of vehicular networks
is high mobility of vehicles. In addition to the high mobility of vehicles, limited
transmission range of RSUs and channel status (busy or idle) cause dramatic
changes behaviours of the network topology influencing network performance
negatively. In such a dynamic network topology, maintaining continuous and
robust connectivity will be significantly difficult in vehicular networks.

Specifically, after The U.S. Federal Communications Commission (FCC) has
allocated bandwidth of 75 MHz in the 5.9 GHz frequency band for dedicated
short range communication in 1999, many attractive applications have become
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more popular in transportation system. However, although new applications and
innovations emerged in transportation system, increasing bandwidth require-
ment in these online applications cause new problem; spectrum scarcity. To uti-
lize unused spectrum bands, dynamic spectrum access (DSA) has been proposed
in many researches to supply growing demand [1–3]. However, due to changing
channel availability status, network connectivity is more challenging in vehicular
networks.

Moreover, the number of channel switching effects the quality of network con-
nectivity in vehicular networks. Each channel switching results with intermittent
connectivity and communication duration continuously changes depending on
network topology. Vehicles need to exploit the channel status to check availabil-
ity of channels at all times. Therefore, when the number of channel switching
increases, the quality of network connectivity will effect by causing communica-
tion disruptions. Therefore, the quality of communication is related to determine
best available channels dynamically.

These aforementioned challenges, maintaining full network connectivity, chan-
nel switching and dynamic channel allocation, is investigated in many researches
with different approaches in vehicular networks.

[4] presents a knowledge-based learning to service vehicular communica-
tions and proposes the use of Vehicular Dynamic Spectrum Access (VDSA).
The authors investigate channel selection problem and calculate channel switch-
ing and channel access rate in a realistic simulation environment. [5] researches
dynamic channel selection schemes and focus on channel switching in multi-hop
vehicular ad hoc networking and evaluate the total time of transmission and the
amount of transmitted data in DSA inter-vehicle networks. In [6], the authors
study on the learning techniques to use in many applications in VDSA and deter-
mine channel availability status to analyze channel prediction and selection pro-
cess. [7] presents channel allocation algorithm using game theory in Vehicular
Ad hoc NETworks (VANETs).

Moreover, there exist many works related to connectivity in vehicular net-
works. [8] proposes an analytical model to improve connectivity in vehicular
networks. The effect of road traffic parameters (traffic flow, speed), transmission
range of vehicle on the connectivity is described with the proposed model. [9]
investigates the relationship between mobility and network connectivity with
different mobility models for realistic VANET by proposing an analytical frame-
work. In [10], authors combine two concepts, cooperative communications and
analog network coding (ANC), to improve network connectivity and capacity in
vehicular networks.

Even though the connectivity challenge has been analyzed in these aforemen-
tioned studies, a full connectivity maintenance has not been investigated while
optimizing continuous connectivity, channel switching and channel allocation
simultaneously in vehicular networks.

Therefore, in this paper, we propose cognitive channel selection algorithms
to evaluate the relationship between network connectivity and channel switching
in vehicular networks. We analyze the connectivity problem with different traffic
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density in terms of satisfaction ratio and the number of channel switching. These
two performance parameters are defined as follows.

– Satisfaction ratio: Total usage ratio of channels with respect to proposed
dynamic channel selection algorithms in different traffic densities.

– The number of channel switching: The total number of channel switching
throughout entire communication period in different traffic densities.

In our work, our main objective is to enhance network connectivity between
vehicles and RSUs in vehicular networks. With this purpose, we maximize sat-
isfaction ratio while minimizing the number of channel switching with the pro-
posed cognitive channel selection algorithms. In the proposed algorithms, we
define best available channels with two different approaches, multi-channel selec-
tion and single channel selection. Therefore, at first we propose a channel utiliza-
tion map and then implement different cognitive channel selection algorithms,
finally we compare the results with different approaches including single channel
switching and multi-channel switching.

Specifically, this paper makes the following main contributions.

– We develop a channel utilization map using temporal usage characteristics of
vehicles.

– Using this map, we derive analytics for channel utilization ratio, vehicle sat-
isfaction ratio and channel switching.

– We propose four different cognitive channel selection algorithm by maximizing
connectivity, maximizing channel utilization ratio, checking channel utilization
table by selecting maximum channel utilization ratio and optimizing between
satisfaction ratio and channel switching.

The results show the relationship between network connectivity and chan-
nel switching with the proposed algorithms to provide effective communication
between vehicles and RSUs.

The rest of the paper is organized as follows. Section 2 gives the details of
proposed system architecture. Section 3 describes the proposed cognitive channel
algorithms for vehicular networks, Section 4 gives simulation results and evaluate
the performance and finally Section 5 concludes the paper.

2 System Architecture

In this paper, we proposed a vehicular network architecture for the communica-
tion between vehicles and RSUs. In this architecture, RSUs units are deployed
specific location with a limited transmission range, α, in order to communicate
with vehicles.

We assume that there are c channels that are divided into fixed time slots, t,
and m vehicles that can opportunistically access to channels depending on com-
munication requests. Vehicles move at variable velocity, v′, which are between
v1 and v2 depending on traffic density. The movement of vehicles is considered
normally distributed zero mean and unit variance.
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Each vehicle registers to RSU when they come into the transmission range of
a RSU. Moreover, vehicles sense multiple channels at a time in order to obtain
the information of channel availability within the transmission range of a RSU
and they can dynamically switch to another suitable channel when the channel is
detected as unavailable. However, vehicles access only one channel in each time
slot.

In the proposed architecture, network connectivity is required to establish
communication and disseminate online information between vehicles and RSUs.
RSU collects all network information by including channel availability status
and communication requests of vehicles within the geographical area of itself.
To maintain full connectivity, Fig. 1 is proposed which is implemented in RSU
and each module is modelled as follows.

Fig. 1. Proposed System Model

2.1 Mobility Based Classification Module

This module characterizes communication requests of vehicles within the trans-
mission range of RSU. Requests, R(t), are represented with binary variables and
distributed according to Poisson process with the arrival rate λR in time inter-
val [1, t]. Vehicles move at variable velocities, v′, which are between v1 and v2
depending on traffic density and RSUs determine the time interval of vehicles,
how long will remain in its transmission range, assuming that α

v′ . The movement
of vehicles is considered normally distributed zero mean and unit variance.

2.2 Monitoring and Mapping Module

In this module, each channel is modelled as idle or busy in each time slot which
is represented with binary variables, C(t), and distributed according to Poisson
process with the arrival rate λC in time interval [1, t].

In this module, after storing communication requests and monitoring chan-
nel condition in RSU, channel utilization map is derived and utilization ratio
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of channels are calculated for each vehicle. When a new vehicle moves into the
transmission range of a RSU, it characterizes which time slots are idle and cal-
culates channel utilization map as shown in Fig. 2.

Fig. 2. Channel Utilization Map

When channel is idle and vehicle has a communication request in this speci-
fied time slot, then the channel can be occupied by a vehicle. It can be formulated
by eq.1 as follows:

[Ucxt] =

{
1, R(t) = 1, C(t) = 0

0, otherwise
(1)

where [Ucxt] is utilization matrix for each vehicle, R(t) and C(t) represent
communication request and channel availability, respectively.

Then, utilization ratio of each channel is calculated for each vehicle in eq.2
as follows:

Um
ci =

∑t
j=1[U ]mci

t
∀i ∈ [1, 2, ..., c],∀j ∈ [1, 2, ..., t] (2)

where Um
ci is utilization ratio of channel i for vehicle m, ci ∈ c and [U ]mci is

the utilization matrix of ith channel for vehicle m.
After obtaining the utilization map for each vehicle, vehicle determines avail-

able channels and decides a channel selection algorithm to maintain full connec-
tivity with minimal channel switching.

3 Cognitive Channel Selection Algorithms

In this section, we defined four novel cognitive channel selection algorithms in
order to maintain full network connectivity with two approaches, multi-channel
selection and single channel selection. In single channel selection, vehicles can
access only one channel throughout entire communication period and when-
ever channel is detected as unavailable, vehicles quit the channel and wait until
channel is available. Due to the usage of only one channel, channel selection is
the more significant when compared with multi channel operations. To evaluate
the results with these approaches, we specified two main communication perfor-
mance parameters described in the previous section and then elaborated them
under different traffic density.
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– Satisfaction ratio, ξ: Total usage ratio of channels with respect to proposed
channel selection algorithms.

– The number of channel switching, χ: The total number of channel switching
throughout entire communication period.

With the proposed algorithms, our aim is to maximize satisfaction ratio while
minimizing the number of channel switching by defining best available channels.
With these motivations, the following algorithms are derived.

3.1 Algorithm 1 (Connectivity Maximization)

Fig. 3. Flowchart of algorithm 1

Algorithm 1 is based on multiple channel selection by maintaining maximum
connectivity with maximum channel switching as flow diagram given in Fig. 3.
In algorithm 1, each vehicle determines available and unavailable transmission
periods in its utilization map and calculates consecutive available transmission
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intervals. At the end of the each transmission period, available channels are
determined and then a large amount of transmission interval is selected for the
next channel switching. Every selection is based on higher utilization in order
to minimize channel switching. In this algorithm, vehicles dynamically switch
to another suitable channel whenever channel is detected as unavailable and all
idle time slots are used to obtain maximum satisfaction ratio resulting frequent
channel switching.

3.2 Algorithm 2 (Maximum Channel Utilization Ratio)

Algorithm 2 is based on single channel selection approach. Channel utilization
ratios, Um

ci , are calculated for each vehicle as given in eq.2 and each vehicle selects
a channel that has maximum utilization ratio throughout entire transmission
period in order to utilize the channel as long as possible. However, if the number
of vehicle is higher than the number of channels, all vehicles cannot be access
the channels. The flow diagram is given in Fig. 4(a).

(a) Algorithm 2 (b) Algorithm 3

Fig. 4. Flowcharts of Algorithm 2 and 3

3.3 Algorithm 3 (Checking Channel Utilization Table by Selecting
Maximum Channel Utilization Ratio)

Algorithm 3 uses only one channel selection approach. In this algorithm, channel
utilization ratios, Um

ci , are calculated for each vehicle similar to algorithm 2 and
each vehicle checks its utilization map by starting from initial time slot. When
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one or more channel is detected as available at a time, vehicle selects a channel
that has maximum utilization ratio among available channels in this specific
time as flow diagram given in Fig. 4(b).

3.4 Algorithm 4 (Optimization Between Satisfaction Ratio and
Channel Switching)

This algorithm is proposed to avoid frequent channel switching in algorithm 1
with multiple channel selection approach.

To decrease the number of channel switching in algorithm 1, at first algorithm
1 is run in order to obtain performance parameters, satisfaction matrix and the
number of channel switching, and then total amount of transmission periods in sat-
isfaction matrix is calculated in each channel switching. With the help of obtaining
these transmission intervals in each channel switching, the mean of all periods is
calculated to compare with each transmission period. Then transmission periods
that smaller than the mean value are eliminated to decrease the number of channel
switching in algorithm 1. The flow diagram is given in Fig. 5.

Fig. 5. Flowchart of algorithm 4

However, we can expect that while decreasing number of channel switching,
satisfaction ratio is also decreased in algorithm 4. However, we observe that
satisfaction ratio and number of channel switching are optimized by conserving
full network connectivity.

4 Performance Evaluation

In this section, we evaluate the performance of the proposed system model
and show the relationship between connectivity and channel switching with the
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proposed four cognitive channel selection algorithms. The results of proposed
algorithms and all system modules are implemented in MATLAB environment.
We look into the connectivity problem with two different approaches, multi chan-
nel selection and single channel selection. Moreover, we obtain the results with
different traffic densities, low, medium and high. The number of vehicles varies
between 1 to 10, 10 to 15 and 15 to 20 in low, medium and high traffic densities,
respectively. The parameters used in the simulation are shown in Table.1.

Table 1. Simulation Parameters

Parameter Value

Transmission Range of a RSU 5000 m
Velocity of Vehicles 10 to 20 m/s

Number of Channels 10
Number of Vehicles 1 to 20

Total Number of Time Slot 1000

We use a vehicular network architecture with one RSU and between 1 and 20
vehicles with variable velocity between 10 and 20 m/s. We assume that all vehi-
cles are registered and connected to RSU when they come into its transmission
range.

A total number of 10 channels are divided into 1000 time slots and vehicles
opportunistically access to channels depending on channel status (busy or idle).

We compare the proposed algorithms in terms of satisfaction ratio and the
number of channel switching according to different traffic densities with the
following approaches.

– Multi-channel selection: Vehicles can sense multiple channels and access one
channel at a time when the channel is detected as available and can switch to
another suitable channel dynamically when channel is detected as unavailable.

– Single-channel selection: Vehicles can access only one channel throughout
entire communication period depending on availability of channel.

In this respect, Fig. 6 shows the relationship between satisfaction ratio and
number of channel switching depending on traffic density for each proposed algo-
rithm. Algorithm 1 enables to maximum connectivity resulting frequent channel
switching in each traffic density. However, the results of algorithm 4 is accept-
able due to the decreasing the number of channel switching with a 47% rate by
conserving network connectivity. Moreover, the satisfaction ratios of algorithm
2 and 3 is less than due to the usage of only one channel. We observe that main-
taining connectivity is more challenging in high traffic density for all proposed
algorithms.
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Fig. 6. Satisfaction ratio and the number of channel switching w.r.t. low, medium and
high traffic density, respectively

5 Conclusion

In this paper, we propose four cognitive channel selection algorithms in order
to maintain full connectivity between vehicles and RSUs in terms of satisfaction
ratio and number of channel switching. The proposed multi-channel selection
and single channel selection algorithms are evaluated in simulation environment
separately. We observe in the proposed algorithms that multi-channel selection
can significantly improve the network performance when compared with single-
channel selection and simulation results show that there is a significant relation-
ship between satisfaction ratio and the number of channel switching to maintain
connectivity and connectivity can be enhanced the proposed cognitive multi
channel selection algorithms.
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