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Abstract—Cognitive Radio (CR) is a promising technology that
can alleviate the spectrum shortage problem by enabling
unlicensed users equipped with CRs to coexist with incumbent
users in licensed spectrum bands while causing no interference
to incumbent communications. In this paper, we propose a new
approach which uses CR for improving real-time application
performance related to only one cognitive radio mobile
terminal (CRMT). We also present a synthesis of research
relating to dynamic spectrum allocation and sharing in the
context of CR networks using multi-agent systems. In our
future work, we will seek to improve real-time application
performance related to many CRMT.

Keywords: Cognitive radio, multi-agent systems, cognitive radio
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I. INTRODUCTION

We  currently attend the  multiplication  of
telecommunication standards considering recent progress in
this area. The increasing number of standards broadens the
range of offers and available services for each user;
however, most available radio frequencies have already
been allocated.

A study carried out by the Federal Communications
Commission (FCC) has shown that some frequency bands
are overloaded at the rush hours. However, the use of the
frequency spectrum is not uniform: according to the hours of
day and to the geographical position; a frequency band can
be overloaded while another remains unused. The idea to
develop tools to better use the spectrum has naturally
emerged.

Cognitive Radio (CR) is the concept that meets this
challenge; better use the spectrum, it is also to increase the
throughput and make more reliable the physical layer.

Most researches on CR networks have focused on the
exploitation of unused spectrum. However, the CR nodes
possess the necessary qualities to make a considerable
progress in the reliability of wireless networks [1], which
has been less explored, so that is why we were interested by
improving wireless link reliability in order to improve real-
time application performance, we are specially interested in
video conferencing application.

The aim of our paper is to propose a technique to improve
real-time application performance related to only one
CRMT. Our technique is based on machine learning. In our
future work, we will seek to improve real-time application
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performance related to many CRMT based on multi-agent
systems.

This paper is organized as follows. First, we describe the
case related to one CRMT using video conferencing
application and the results of our experimentation. Then, we
present a synthesis of research relating to dynamic spectrum
allocation and sharing in the context of CR networks using
multi-agent systems. Our objective is to improve real-time
application performance related to many CRMT using
multi-agent systems.

II. SCENARIOS AND PROPOSED SOLUTIONS
RELATED TO ONLY ONE CRMT

A. Scenario

The Figure 1 below shows a path followed by a CRMT
when it switches to an area where the signal quality drops to
an unacceptable level (shown in red) due to a gap in
coverage, we assume that the client uses video conferencing
over the route.

I rcellent
Figure 1. Signal quality associated to a cognitive radio

B. Proposed Solution

After several incidents, the CR should be aware of the
problem. Then, through some geolocations or the ability to
learn the time of the day when this happens, the radio can
anticipate the difference in coverage and know the necessary
signal to the base station to change characteristics of the
signals when the user approaches the deficient coverage.

C. Application

As mentioned above, we will use video conferencing
(real-time application) in the case of a mobile user who
needs to take a path where the signal quality drops to an



unacceptable level due to a gap in coverage, giving a very
low QoS. This can be remedied by using the CR, but
problematic arises: WHEN and WHY to use cognitive
radio?

Most research related to the QoS of video conferencing,
take into account throughput as pertinent parameter. For this
reason, we choose the “Throughput” as a single pertinent
parameter for our application. For this, a throughput
classification is required, and as we play the role of the
expert, we have created our own database following certain
rules in order to apply our approach. The database was
divided into two parts, the first one for learning and the
second one for testing. The value of the throughput will
change almost every time it is measured during the day even
on the same route, for this reason, our measures have been
taken into account for 5 weeks at 3 different intervals of the
day (8am — llam, llam — 3pm, 3pm - 5pm) excluding
weekend.

However, as we don’t have real data used in the CR and
it is the case of the whole community, we had to play the
role of the expert to assign the needed data for our
simulation. In the literature, we found that to have a good
QoS in video conferencing, throughput must be > 384 Kb/s.

We proposed to affect throughput on three classes:

e Gold for samples where the throughput is greater
than 384 Kb/s, ensuring 100% quality satisfaction of
the user.

e  Silver for samples where the throughput is between
160 Kb/s and 384 Kb/s, of acceptable quality.

e  Bronze for samples where the throughput is less
than 160Kb/s. This means that video conferencing is
not satisfactory, and it is the class that interests us
because this is when we use the CR.
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Figure 2. Database classes

C.1 First question “WHEN”?

For the data classification, we used three different
algorithms derived from the field of machine learning.

e The k-nearest neighbor’s algorithm (K-NN) which
is a supervised classification algorithm.

e  The multilayer perceptron algorithm (MLP of
neural networks).

e  The C4.5 algorithm of decision trees.
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Figure 3. Best scores obtained with the three algorithms

We remark that, the multi layer perceptron has not given
satisfactory results compared with the other algorithms;
however we did not get 100%, despite the change of
parameters such as the number of hidden layers, the number
of epochs and the learning rate.

We remark also that the two other algorithms (KNN and
C4.5) have given results of 100%. This is why we chose the
K-NN algorithm and focus on the obtained results.

This algorithm (K-NN) was tested with several values of
K on the test database and each time the result was different,
but it is satisfactory until the value of K=6.

TABLE L. CLASSIFICATION OBTAINED WITH KNN
Values of Instances correctly Misclassified

K classified instances
K=1 20 100% 0 0%
K=2 19 95% 1 5%
K=3 19 95% 1 5%
K=4 18 90% 2 10%
K=5 18 90% 2 10%
K=6 18 90% 2 10%

For K=1: All the throughput examples were well posted
in their appropriate class.

Whereas, with K=2, one sample was misclassified, we
notice that in the graph.
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Report: according to the results of the classification, the
cognitive radio will be activated each first day of week from

8am to 1llamand from 3pm toSpm,and every
Wednesday from 8amto Spm because in these
intervals the throughput belongs  tothe Bronze class

<160Kb/s. So, through this, the question When is answered.

C.2 Second question “WHY”?

Now, We will justify the usefulness of the CR, this by

supposing that the spectrum sensing is already done by the
receiver of our mobile terminal which is in this case a
multimode wireless communication terminal (MWCT), so
capable to support multiple access technologies such as
GSM, UMTS or WiMAX.
Considering that, the spectrum is not used at 100%, we can
represent the frequency bands into two sets: the first
contains the occupied bands and the second contains the free
ones.



The CRMT must switch to an unused frequency band
among those available in the free bands set.

For our approach, scenarios were studied to show the
usefulness of the CR, this based onthe number of free
bands and the time of use of each one, we identified three
possible scenarios:

o Favorable (best case): the CRMT receiver
detects a free band and uses it during all the
way without any interruption caused by the primary
user.

J Unfavorable (worst case): the CRMT
receiver does not detect any free band (empty set) or
it detects some bands but their use interferes with
the primary users. In this case the CRis not
used because the secondary user should not disturb
the primary users.

e  Common (N frequency with N hops): the terminal
uses a free band b1, then there is
an interruption caused by the primary user, so
it switches to another free band b2 (he made
a hop). If the primary user of b2 needs his band, the
secondary user must switch again, and so on, until
the end ofthe condition when heopts for
the CR (before returning to his initial frequency
band), he will have done N hops.

For our application, we have based on the number of
hops done by the CR during all the way of the secondary
user. In  each of the scenarios mentioned above we
calculated the time of interruption which is the required time
for the terminal to access a free band and use it.

The time of interruption will be defined as follows:
T.interruption = (T.sensing + T. establishment) x number of
hops.

The sensing time is the required time to detect a free
band, itis negligible compared to the time of
establishment, it is evenincluded in thetime of
establishment for some algorithms which treat the diagonal
handover (switching between wireless networks which uses
the subjacent technologies such as the standard IEEE
802) or the vertical handover (switching from one access
technology to another).

In the literature, we found that the necessary time for
establishment to exploit a free frequency band of another
technology is S seconds on average [2] and [3].

T.sensing <<T.establishment, which gives us:

T.interruption = T. establishment X number of hops.
We call time of rupture: the necessary time to return to the
initial frequency band. So, it is the sum of the time
of interruption and the time of use of each band, knowing
that, the time of use can differ from a band to another
according to the primary user.

T.rupture = T.interruption + T.use

C.3 Experimentation results

To support our proposal andto better understand, we
compared the QoS with and without cognitive radio (case
without CR means that our terminal has only one access
technology and works on the same frequency band).
The graphs below illustrate this comparison. For
being readable, we supposed that the maximum time of

rupture is 5 min and that the free band set contains 7 bands.
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Figure 7. Comparison between the favorable scenario and the case without
cognitive radio

B Time of interruption according to the number of hops g@]gl

200

T.interruption

30 35 40 45 50 55 60 65 7,0
nb.hops

0,0 0,5 1,0 1,5 20 2,5

‘i Without cognitive radio - Common ‘

Figure 8. Comparison between the common scenario and the case without
cognitive radio
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Figure 9. Comparison between the defavorable scenario and the case
without cognitive radio

C.4 Results interpretation

Modeled graphs above represent the downtime
depending on the number of hops performed. We note that
whatever the number of hops, the case with the CR is much
better than that without CR. According to the first graph, of
course we lost 5 seconds to connect to the new band but we
see that the CR has saved us 295s which is the time without
interruption. For the second graph, we performed three hops,
which mean that the downtime is 5s x 3 hops: 15s. Despite
this, the case with CR is always better. On the third graph, a
single hop was made but the connection was interrupted by
the primary user at the beginning, so we took advantage of
the CR for a few seconds.

Result: whatever the number of hops performed, the use
of CR is always more efficient.

In summary, we can say that CR is an efficient tool to
improve real-time application performance related to
only one CRMT.



III. MULTI-AGENT SYSTEMS FOR DYNAMIC
SPECTRUM ALLOCATION AN SHARING IN THE
CONTEXT OF CR NETWORKS

Very few researchers have applied multi-agent systems
for dynamic spectrum allocation and sharing in the context
of CR networks.

In [4], the author proposes a muti-agent systems based
solutions to achieve licensed and unlicensed dynamic
spectrum sharing. Firstly, they present a cooperative
approach where the CR nodes embarked with agents are
capable of performing spectrum sharing by exchanging a
series of messages with the neighboring licensed devices.
While analyzing the performance of this proposal under
ad-hoc wireless conditions, they show that it achieves good
performance in term of spectrum access, without incurring
greater communication cost. Then, they focus on enabling
unlicensed spectrum sharing between the CR users. Their
proposed solutions can achieve good performance while
maintaining fair spectrum distribution.

A muti-agent systems based spectrum sharing strategy is
proposed in [5], specifically, a cooperative muti-agent
systems is considered, in which the agents are deployed over
primary and secondary user devices. The developed
cooperation mechanism is similar to that of contract net
protocol (CNP), in which the individual secondary user (SU)
agent should send messages to the appropriate neighboring
primary user (PU) agents whenever needed and,
subsequently, the related PU agents should reply to these
agents in order to make a spectrum sharing agreement. The
paper proposes that the SU agents should take their
decisions based on the amount of spectrum, time and price
proposed by the PU agents and should start spectrum
sharing whenever they find an appropriate offer (without
waiting until the reception of all the neighboring PU agents’
responses). Then, after completely utilizing the desired
spectrum, SU agents should pay the agreed price to the
respected PU agents.

In [6], the paper investigates cooperative radio
resource management for multiple cognitive radio
networks in interference environments. The objective of
this research is to manage shared radio resources fairly
among multiple non-cooperative  cognitive  radio
networks to optimize the overall performance. A multi-
agent-system-based approach is proposed to achieve
information  sharing and decision distribution among
multiple cognitive radio networks in a distributed manner.

The paper [7] proposes a multi-agent learning algorithm
and applies it for optimizing online resource allocation in
cluster networks. The learning is distributed to each cluster,
using local information only and without access to the
global system reward.

In [8], a novel intelligent multi-agent radio resource
management system is proposed, which is self-organized
and distributed to ensure the coexistence of multi-radio
access technologies. Radio resource is managed by a macro
control and management system using control factors and
validation mechanism, instead of micro control for
individual users. The goal is to increase radio resource
utilization efficiency, maximize system capacity and meet
the QoS requirements of different services.

The work done in [9] proposes muti-agent systems that
adopt mobile agents as a technology for tasks distribution,
results collection, and management of resources in large-
scale distributed systems. A new mobile agent-based
approach for collecting results from distributed system

elements is presented. The technique of artificial
intelligence based on intelligent agents giving the system a
proactive behavior. As mentioned above, we can use multi-
agent systems for dynamic spectrum allocation and sharing
in the context of CR networks.

IV. CONCLUSION

We presented in this paper a new approach that uses
cognitive radio to improve real-time application
performance for a cognitive radio mobile terminal. In our
future work, we think we can improve real-time application
performance related to many CRMT [10] [11] [12] [13] [14]
using multi-agent systems.
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