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Abstract: In this study, we present a method in which the dynamic spectrum gets optimized for its usage in
cognitive radio networks. Firstly, based on the interference temperature model, we determine the interference
constramnts and there 1s a check on the transmission power of the secondary users. We then formulate the SINR
by considering the noise spectral density of the enviromment and the transmission powers of the surrounding
neighbors. Using the Shannon formula, we calculate the co-channel interference between potential links on
each channel. Next, using Genetic algorithm, we formulate the spectrum assignment problem. Genetic algorithms
are adaptive heuristic search algorithm based on previous and historic results obtained earlier. Although,
random, Genetic algorithms exploit listorical information to direct the search into a set of better solutions. It
is observed that the total network capacity is improved by a significant margin bio inspired algorithms have

always been promising in giving optimum solutions.
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INTRODUCTION

THISA considerable amount of algorithms have been
mtroduced in the domain of spectrum access in cogmtive
radio networls. These methods have risen by the arrival
of CR technology and change from the usual fixed
spectrum assignment to the newer spectrum access
techniques (Akyildiz e al., 2006). These models aim at
improving the spectrum efficiency by regarding
opportunistic and dynamic spectrum access for the
secondary wusers. Considering cognition and re-
configurability as two of the main features and capabilities
of the CR node, it comprises mostly two types of phases.
The first phase revolves around by having the spectral
environment sensed.

The CR user captures the information of the spectrum
bands and based on quality level, classify the channels
available. The second phase comprises an algorithm of
specttum  allocation which apart from satisfying the
interference constraints, allows available channels to SU’s
in such a way that the spectrum efficiency is maximized
(Yousefvand et al, 2012). They rely on unrealistic
thought that all channels have homogeneous nature with
regard to their QoS parameters. It was noted that using a
smaller number of simultaneous communication links
around the SU’s but applying a higher rate on each would
lead to a lugher total capacity. The heterogeneity of links
have been considered in a 3 step mamer by computing
the maximum allowable power received from receiving
nodes and the actual transmission power at transmitting
nodes, spectrum between SU’s 1s classified to lugh and

low power transmissions. Basically, the channels have
been classified into two categories according to their
transmission power and haven’t captured the exact link
capacity. Models based on mterference range have also
been used but are not accurate enough though. These
models usually define an interference range in the
surroundings of the receiver where no transmission is
allowed. The conservative nature of these models might
degrade the spectrum utilization methods. New link
capacity aware algorithms are used to maximize the
capacity to such an extent that it includes different QOS
parameters like their SINR and bandwidth to consideration
along with temperature mnterference models.

Using the mterference graph, the modeling of all co
channel mterference among the links on various channels
takes place. Following that the allocation 1s formulated in
the form of BILP to get a usable set of active links among
other links in the graph in such a way that maximum
capacity 15 attammed. To tackle the high complexity of
these fields, we use radix tree structure in which we have
scattered parts of the solution space removed. Following
that the problem is formulated onto a radix tree search the
non-interfering links in the graph.

Over the past two decades, there has been a rapid
increase in the use of wireless applications which in return
leads to the need of more bandwidth. Unfortunately, that
situation has led to a scarcity i the spectrum which arises
due to the nefficient use of EM spectrum. EM spectrum
is the electromagnetic radio emitted from different sources
which accompany its own frequency and wavelengths.
The FCC (Federal Communications Commission) controls
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the EM spectrum and only licensed users can use the EM
spectrum. The use of these spectrums varies from locality
to locality. The misuse often leads to the efficiency
decreasing throughout the spectrum amongst the wireless
networks. Hence, cognitive radio has been introduced to
take care of these spectrum allocation problems. It s a
kind of smart radio which can adapt and change its
behavior according to the environment. There can also be
a borrowing of unused spectrum from the primary user to
a secondary user. Although, this kind of an arrangement
must make sure that the primary user’s communication is
not interrupted. Quite a few issues can arise while the
spectrum 18 handed over from one user to another. The
device must be mtelligent to sense any holes i the radio
It must be able to understand the
requirements of application. Studies have proven that the
QOS constramts aid i giving
communication. The proper sharing under the basis of
agreement of the unlicensed spectrum with the licensing
authorities should be met with to use spectrum without
harming the licensed users. Tt should also be self-aware of
its own operational capabilities.

environment.

efficient wireless

MATERIALS AND METHODS

Problem description and goals

Selecting a proper interference model: The primary step
in building a CRN 1s to choose an appropriate interference
model (Kopka and Daly, 1999). The foremost thing in
constructing an interference model is to build a channel
propegation model relative to the radio environment. We
shall consider deterministic path loss, large scale and
small scale fading which are the propagation effects in
channel models. Under the assumption that there aren’t
any obstacles in the radio environment, we ighore the
fading effects and consider only deterministic path loss
effect in our channel model. The next stage is to establish
an appropriate transmission channel model which exlubits
the effect of interference on the received signal at the
receiver end. Primitive charmel model were derived from
collision charmel model where if two or more transmitters
try to send a signal to a receiver at the same time. All of
the signals would be summed to zero due to the collision
effect.

In the recent new era of models, capture channel
model is proposed where if one of the received signals is
strong enough compared to the other signals (Hill, 1999;
Yousefvand et al., 2015) that signal would win over the
other and reach the receiver. Vulnerability circle capture
model and power captre model belong to the above
category. In the vulnerability circle capture model for an

@ Transmitter terminal

® Receiver terminal

Fig. 1: Vulnerability circle

ith transmitter signal to be successfully received, its
receiver power must be more than the power of any other
received signal by a factor B (Eq. 1)

P Bfor»j=12 .0 j#i )

%]

Let us consider a model where there is uniform
transmit power level for all the transmitters.
Mathematically, according to the definition of
vulnerability circle model, the radius of the circle is r = **

Figure 1 shows the vulnerability circle diagram is
demonstrated. The transmitted signal from T, 15 intended
to be Received by R, but it 1s mterfered by the signals
transmitted by other transmitters within the vulnerability
circle. This is a primitive model which imposes huge
restrictions on the transmitted terminals located around
the receiver and results m degradation of spectrum
efficiency.

For example, if we take a transmitter node T, it’s
signal is intended to the receiver R,, without causing any
interference on any other receiver. In present times,
according to practical power capture models, a signal is
set to be received successfully at the receiver end if the
recelved power supersedes the power of the accumulated
signals from all other recewvers by a facter [,
Mathematically, we can deduce signal to interference ratio
as (Gupta and Kumar, 2000; Ma and Tsang, 2007) (Eq. 2):

pr,m

Yo,

1Fm

SIR =

=B, (2)

In Eq. 2, the received power at the receiver end of the
transmitted signal i is p,;. In a more realistic scenario, we
need to consider additive noise power which is denoted
as 0, Mathematically, the signal to noise interference
ratio (Eq. 3):
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SINR =

B, (3)

In Eq. 3, [x,Xpm| implies the distance between
transmitter m and its receiver. The bandwidth in the above
model is at a constant rate W, for a given link (T,, R,) .
For reliable transmission to take place at radio
environment, the SINR for any given link should exceed
a threshold. Otherwise, 1t 1s nullified. From the defimtion
of Shannon’s formula for link capacity, the data rate for
the given link (T,, R,) (Eq. 4):

2
X —X
W, = Blog| I+ — Pow | X~ Xag | : ()
o'+ E pt,m ‘Xm _XR(m) ‘
t#£m,ne N

B represents channel bandwidth and o, = Ny/2 denotes
noise spectral density.

Genetic algorithm: Evolutionary algorithm was found to
be promising in solving the optimization problem. Hence,
we have opted for Genetic algorithm to maximize the
network capacity, thus, optimizing the spectrum as a
whole.

Approach: The algorithm 15 carried out by random choice
of chromosomes that have a particular trait which are
computed through generations. The fitness of a given
chromosome at a particular generation is evaluated on the
basis of a random probabilistic calculation. Caleulation of
fitness of chromosomes is based on mdividuality, the
process continues for several generations iteratively till
we reach an optimum solution.

Initialization: N chromosomes re generated randomly
which form the initial population. Probable solutions for
the given problem are part of the population stated above.

Fitness measure: This stage mcludes computing the
fitness of chromosomes which constitute the initial
population.

Construction of new population
Selection: A set of chromosomes is selected based on the
criteria of fitness from the available population.

Crossover: New progeny are part of the upcoming
generation by the method of crossover. Progeny are
formed or reproduced based on the probability of
CTOSSOVET,

Mutation: The chromosome structure of the offspring is
converted from string to binary format and the binary
values are toggled at a particular point to retain the
diversity of the upcoming generations.

Stopping criteria: This iterative method is run through
multiple times till we reach an optimum solution. It 1s also
found that the stopping criteria are relative to the
complexity of the chromosome structure.

System model: T.et us assume that there are K primary
users in the spectral environment transmitting to each
other through C channels and I. secondary users.
Competing against each other to access the spectrum
opporturustically. Let us define a matrix to determine the
availability of link between two users. Mathematically
(Eq. 5

B.=b &)

(3 m_n,c‘bm, n, e={0, 1}

In the above equation by, , . = 1 if both secondary
users m and n sense the channel ¢ as a free channel. If not
b = 0. In order to infer if the channel ¢ 1s free or not
each secondary user relates it’s observed interference on
that channel with the mterference temperature threshold.
In fact, mathematically, secondary user m senses the
channel free if the following condition is satisfied (Eq. 6):

m on c

T
Y P, N <T (6)

c
k=1ka

In Eq. 6, Pr, . . is the power received by secondary
user m from a signal sent by kth primary user via. channel
¢. The noise on the chammel ¢ 15 given by kth. Soon after
discovering a set of potential links for each of the users,
each link 1s associated by a weight. Since, out motto 1s to
increase the network capacity, we allot each link as link
capacity. Each secondary user m, raises its transmission
power for a given channel ¢ by simultaneously being in
accordance with the interference constraints of the
primary users. In fact, mathematically, we can strike a
relation for the transmission power of the secondary user
by determimuing the maximum allowable transmission
power. If the transmission power from the secondary user
exceeds the limit by a factor A, then, the condition on
threshold  1s
canmathematically deduce the following Eq. 7 and &:

interference violate. Hence we

P, <Pmax, Vr:T  <r<M (7
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P..=(Pmax_  +\)3r: T, >T,ch>0 (8)

Apart from the maximum limit imposed on the power
transmitted by the secondary user, there is also a
minimum transmission power level required for each
secondary user’s transmission, so that, the condition of
minimum SINR is met. Each secondary user has to choose
its transmission power from its minimum and maximum
bounds. Mathematically, we can deduce the relation as
Pe(Pmin, ., Pmax, .). Having deduced the transmission
power of each secondary user m on their channels, we
shall determine link capacity of each potential links on
these channels. We shall construct the weight matrix W,
as W, , .. Bach element in this matrix represents weight of
the link in between transmilter m and receiver n on
channel ¢ mathematically, we can determine it as Eq. 9:

1<mn<N
Wi . = Blog,(14SINR,, | )1 ©)
o o 1<¢=C

In the above equation, B implies bandwidth on
channel ¢ and SINR,, implies the SINR of the link amidst
transmitter m and receiver n on channel ¢, we can
calculate STINR of the potential links as Eq. 10

_ P];J,H],C
N+ 3 Pr .

1=1,1#m

In the above equation, the power received by receiver
nis Pr, , . which is from transmitter m on channel ¢. The
background noise and the channel are denoted by n. The
total number of active transmitters on channel ¢ is k. In
order to control the co channel mnterference on each of the
potential links, we construct a matrix to remove all
possible conflicts (Eq. 11):

G, =G

Cru,m,

{0 a1

In the above equation, G, , will be taken as unity
under the condition that a potential link between
transmitter m and receiver n intervenes with the link
between transmitter p and receiver q on channel ¢ if not,
G, .., will be nullified. One link intervenes with the other,
under the condition that comeciding transmissions on
these two links result in the SINR of one of them to dip
below a certain threshold SINR required to have
successful transmission. To avoid non-active links to be
part of owr solution set, we construct a channel
assignment matrix which remove non-active links. This
matrix consists of binary values (0, 1) (Eq. 12):

D, =d,.. {0} (12)

3

Thus, it can be said that, when d_ , . = 1, then, the
link between transmitter m and receiver n will be part of a
bunch of potential links for the channel ¢ if not d,, ,, , will
be nullified. In order to put a check on link conflicts, we
impose the following spectral
environment (Eq. 13):

condition on the

G =1
a_, ta  sif e (13)
' o l<m n,p,qsN
We can determine the total network capacity of the
spectral environment by taking the sum of products of

channel assignment matrix and link capacity matrix.
Mathematically, Eq. 14

C
T —Agg[EDEWC] (14)
c=1

In Eq. 14, Agg 18 the operator that calculates the
addition of all entries of the matrix. T indicates the overall
network capacity of the spectral environment. Tt is
observed that D, and W_ have uniform dimension. The
above equation can be made as an optimized equation
which can be usedas an objective function m an
evolutionary algorithm such as Genetic algorithm.

RESULTS AND DISCUSSION

We have built an environmental setup comprising of
4 primary users and 16 secondary users which are
spreadacross an area of 1024, square meters as shown in
Fig. 2. As discussed earlier, we shall operate the cognition
cyclestages to this spectral environment. With a
supposition that secondary users operate through six
operational channels. We have restricted mterference on
each of the channels byimposmg an mterference
temperature limit of 10 dB on eachof the channels. Also,
we have a requirement of at least unity as the SINR.
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Fig. 2: Spatial distribution of PUs and SUs
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Fig. 3: Interference graph for channel 1
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Fig. 4: Total network capacity of the secondary users
(scenario-1) (Genetic algorithm )

For trustworthy transmission, we initially spot the
potential links and determine their network capacities and
SINRs. We neglect the links with SINR<1. We build
aninterference graph for each channel as shown in Fig. 3
which represents the interference graph of channel 1. Tt 1s
observed that Genetic algorithm converges to an optimum
solution as the number of iterations increases as shown
m Fig. 4.

We take another case where we have 25 secondary
users and 5 primary users, spatially distributed across
2300 squaremeters. Tt has been observed that in this
scenario that by increasing the number of active links
among the secondary users, it need not certainly improve
the network capacity by a significant factor as shown
i Fig. 5. The network capacity may increase only if, we
consider all the links as wuniform whichis not practical.
Intrinsic trait of Genetic algorithm is highly arbitrary due
to processes like crossover and mutation.

The progression of iterations in GA does not
mandate an optimum solution which 1s evident from the
periodic movement m the coming generations. In our
proposed model, we have distributed the nodes m random
fashion due to which secondary users can control the
transmission power.

O-D T 1 1 L) L) T T T T 1
0 10 20 30 4 50 60 70 80 S0 100

Progress of algorithm (number of iterations)

Fig. 5: Total network capacity of secondary users
(scenario-2) (Genetic algorithm )
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Fig. 6: Overall network capacity (Genetic algorithm)

Decreasing the distance between the secondary
users in populated areas which in turn increases the link
SINR. Also, does this there is more number of links that
satisfy the SINR criteria. Therefore, improving the overall
network capacity significantly as shown in Fig. 6.

CONCLUSION

By providing opporturustic access to usable and

available channels for the secondary wusers, the
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technology of cognitive radio proves itself to be highly
promising. And in that matter highly helps in making the
usage of specttum better. By optimization of varable
number of parameters, the enhancing of spectrum 13 met
with and conducted. Tn this study, we have come up with
little interference limited capacity known spectrum allowed
design, to facilitate maxiumum capacity n cogmtive radio.
The results shown in the simulation prove that it 1s able to
achieve higher network capacity by inculcating the
suggested model than the normal methods used for
allocating the spectrum wisely. It has also come to our
observation that by maximizing the munber of links that
are active amongst the secondary users, it need not
directly lead to the increase or maximization of the
capacity of the network. It could be taken like that if, we
make an assumption that all the links are equal. But that
form of an assumption would not be pragmatic to the
approach of our scenario. We have also noticed that the
scenarios i which the secondary users are equipped with
the capability to control power, it 15 able to achieve lugher
capacity given that the secondary users are distributed in
a random manner as compared to the case in which they
are laid out in a definite marmer.
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