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Abstract: In this model, we present a method in which the Dynamic Spectrum gets optimized for its usage in Cognitive Radio Netwoc@
Firstly, based on the Interference Temperature model, we determine the interference constraints and there is a check on the trans ion
power of the secondary users. We then formulate the SINR by considering the noise spectral density of the Enwronmen&a d the
Transmission Power’s of the surrounding neighbors. Using the Shannon formula, we calculate the co-channel interfer: between
potential links on each channel. Next, using Genetic Algorithm, we formulate the spectrum assignment problem. Genetic @igorlthms are
adaptive heuristic search algorithm based on previous and historic results obtained earlier. Although random, Gegstic Algorithms
exploit historical information to direct the search into a set of better solutions. It is observed that, the total network @pamty is improved
by a significant margin Bio inspired Algorithms have always been promising in giving Optimum solutions. $
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1. Introduction

A considerable amount of algorithms have been introduced
in the domain of spectrum access in Cognitive Radio

networks. These methods have risen by the arrival of CR along with temﬁr mterferen%t#noggr

Technology and change from the usual fixed spectru fb ?

assignment to the newer spectrum access techniqééé c_,Usmg i t& erenc \gr é? modellr_}g of all co
These models aim at improving the spectrum efﬂm%&l by \(b chan'&ef’mg erence ‘} fwg,dInks on various channels
regarding opportunistic and dynamic spectrum ac€ess for,, gr? FoII Lk allocation is formulated in
the Secondary Users. Considering Cognitighh and R ohm of E{&@Qt able set of active links among
Configurability as two of the main features &€\ capaQitities I|nks I

|n such a way that maximum
9]% tackle the high complexity of these

of the CR node, it comprises mostly two types on@nases ‘6 (\ceapacny %‘ttgm%
iX Tree structure in which we have

The first Phase revolves around by having éh&spectrgﬁb O fields, ‘Z@e

environment sensed. scaﬁ\@’edc@ar f the solution space removed. Following
I\h& tl@%rc{&’e is formulated onto a radix tree search the

é\“ $
Q] t ing links in th h.
‘l‘ orb% (&Zﬁfmg inks in the grap

The CR user captures the information of the

bands and based on quality level, classify " cHaninels
available. The second phase comprises g‘/ pRhm ofb
spectrum allocation which apart forg® ing gj
interference constraints, allows av;;ggﬁa nels t g)x&
in such a way that the spectrum ?e@)n @é
Most works, disregard the Q S\p eters 0

SINR and capacity and simplyary @maxmlzﬁ @ﬁum&r
of active links between g the metho@f’«bf ary
Integer Linear Progral (BILP) T ?‘ey on
unrealistic thought &) channels qgnogeneous
nature with regardto Sh%fr QoS par, It was noted
that usmg & saller numgy simultaneous
communic links around H{é s but applying a
higher r@ n each would lead to a gher total capacity.
The hegprogeneity of links have been considered in a 3 step
man@er by computing the maximum allowable power
regeived from receiving nodes and the actual transmission

\\0%\@'the past two decades, there has been a rapid increase
qﬁ'the use of wireless applications, which in return leads to
@ the need of more Bandwidth. Unfortunately, that situation
has lead to a scarcity in the Spectrum, which arises due to
the inefficient 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 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 is a
kind of smart radio, which can adapt and change its
behavior according to the environment. There can also be a

\\O
@.

3power at transmitting nodes, spectrum between SU’s is
classified to high 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 Interference
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

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 is handed over from one user to another. The
device must be intelligent to sense any holes in the Radio
environment. It must be able to understand the
requirements of application. Studies have proven that the
QOS constraints aid in giving efficient wireless
communication. The proper sharing under the basis of
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agreement of the unlicensed spectrum with the licensing
authorities should be met with, to use spectrum without
harming the licensed users. It should also be self aware of
it’s own operational capabilities.

1.1 Objective

In this model, 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 constraints and there
is a check on the transmission power of the secondary
users. We then formulate the SINR by considering the
noise spectral density of the Environment and the
Transmission Power’s 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 historical 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.

N2
- ©

1.2 Motivation cvé

Primitive spectrum access was confined only .{@

prlma %@-
users where only the licensed users were a%&zed t
ch

the spectrum. In this spectrum access

niq the
spectrum wasn’t utilized completely, hence (g;‘&%ed |n 0\

white spaces and spectrum holes. In order @‘h 1lize
spectrum to the fullest, we explored into the dom
dynamic spectrum access techniques. The co
secondary user comes in in the former techni
the secondary users to communicate W|th egs)
the white spaces. All these C|rcumst
research scholars and scientists to o
order to maximize the spectrum aQ
users can access the spectru tely mﬂﬁenc,%
primary users are not using i Q ould d%@e %;
way not to counter the functi@ni nq,cof the prima 94§‘
imposing interference The dynarafé i@ trum
access is mplemente@y |ﬁc%rporat|ng C m\ radio in
the network setup..& itive radlo%kﬁ%@ ctions and
characteristics ai\&sc ed earlier e@h 0 adapt itself
to the drastlcd_&ang‘e% in the sp |ronment The
spectral effgetency of Wireless™™ s is improved by
dynamicpectrum access. The unllcensed spectrum needs
to utd§e appropriately in order to meet the Quality of
S e requirements of different applications. A cognitive
i0 is an independent and self-sustaining system, which
\Oeases the work of spectrum allocation process.
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1.3 Background
1.3.1 Architecture:
A Cognitive Radio Networks comprises of primary and

secondary users. Each primary user is associated with at
least one primary base station, which together forms a

of\§\

(‘éﬁ?fse % o‘ba

primary network. Primary users are the authorized
personnel to utilize the spectrum, hence are called licensed
users. Base station is the only source by which, primary
users exchange information amongst each other. On
another note, Each secondary user need not be associated
with a base station, but all of these secondary users as a
whole form the secondary network. Each secondary user
can access the spectrum through its secondary base station
but is limited to the range of their respective base station.
Since the secondary users shouldn’t intervene with thgO
functioning of the primary users, they are incorpor
with Cognition abilities. In other words, Secondarysers
should inhibit the usage of the Spectrum as %Q@n as it
senses a primary user within its proximity. \\

1.3.2 Characteristics: %Q

Cognitive Radio

1. Radio Environment Senﬁm
&changmg spectral

Networks adapts itself to the
environments. It informs the rfﬂembers of the network
about its changed mode ition. Hence, it is best
suitable for enwronm@ t t drastlcall,;(, change with

% A~
time. N
In order to sh atlon ina {é%nother node in
the enwro%@ent C'Jit needs a e§~ language. Radio

\(b evenl an a%hlform ore, many algorithms
?J hay, eewﬁevelop the spectrum and allocate

ispprpriatel ®
P

. cht@% %
6\\ Spe%@;ﬁe e highly required to be sensed in order to
pr@,% rence The technique incorporated by the
égr is the most efficient in terms of spectrum
hese techniques are divided into interference
detectlon transmitter detection and co-operative
’b dg}tsctlon

Spectrurgé~ rce resourc;@ﬁé g should be distributed

solutlo@ N (‘

s@ To ensure the user’s communication requirements, it is
highly necessary to capture the best available spectrum. A
collective decision must be met with to determine the best
band spectrum that would meet or fulfill the QoS in the
range of all bands. This intricate procedure is known as
Spectrum detection and Spectrum analysis and fall under
the domain of Spectrum Sensing.

To avail the best frequency bands for operations and
transferring of information, it is required to exchange the
operating frequency. The shift or transfer onto another
frequency must be smooth. This shows good prospects of
Spectrum Mobility.

A major Area of concern in today’s spectrum world is the
inability to share the spectrum properly. These issues
directly correspond to MAC problems. Hence the idea of
Spectrum sharing needs to be taken as a serious issue, as
its proper application can ensure better usage of the
Spectrum.
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2. Project Description
2.1 Basic Concepts in Cognitive Radio:

The QoS is defined as the required set of qualitative and
quantitative characteristics of the communication system
required getting the proper or desired functionality of
application. A QOS parameter can be based on human
perception of different media and its attributes. Such as
time dependence and symmetry.

Long back the software defined Radio was introduced and
is defined as a terminal that is competent to operate with a
lot of bandwidths. They are able to support different
standards such as GSM, OFDMA, CDMA, and WiMAX.
They promise the best solution for best connectivity
problem, but the requirements of QOS by an application is
still under consideration. Thus cognitive radio is
introduced.

CR is a radio that can read and understand context in
which it can tailor the communication process along with
understanding.

If a SDR needs to be a CR then:

2.2.2 Cognition capabilities:

The different abilities as seen before allow to define the
must have radio capabilities. These are regarded as the
cognition capabilities. The various capabilities include
reasoning, learning, sensing and awareness. Due to these
parameters the Cognitive radio device can be defined as a
radio that is capable to comprehend the different
environments that it gets involved in, its requirements, its
potential and its regulatory policies. \\o
In Lehman words we can say that it has the co@gete
ability to be self-aware and completely know @gbout its
environment and its variant nature over a pencg[\\gf time. It
executes the received information and es its own
decision on how it needs to make necesgary arrangements
to put together a successful communi n process.

2.3 The Cognition Cycle: \%"1/

Cognitive Radio is the rad@%@i’las in itself the ability to
reason  with regulato oI|C|es ifferent  user
requirements, be quf @/are of |t%'\ otentials and
requirements. Itt épabllltles are mﬂenﬁs observations
for a CR, ther %need tom per decision on

1. Management and optimization of spectrum o which way act%‘n must be mele rememt_)ering this
2.Optimization and management due to inter{g} factor n Qncludg tha@e@gﬁnmve radio has the
consisting variety of wireless networks. v abl“ty ® ob%\/e dec @d i}%tQ
3. Aiding humans using EM Resources. 6 Q?’ 0
\fo ) c}?; V&n\\he talk at(&lt Q@’ser\fﬁon it involves the process of
There has been a rapid increase in the f &qé agNng and@& @ fadio environment of the outer

w S
applications, which in return leads to the need otz}ﬁe
Bandwidth. Unfortunately that situation has

>
scarcity in the Spectrum, which arises due to thb"}neﬁlcq% XY

use of EM spectrum. EM Spectrum is the electromageti
radio emitted from different sources, which acco

own frequency and wavelengths. The F ral
Communications Commission) controls theéﬁ%@ectrum
and only licensed users can use the EM &&é}tn@@' S

ab@%*\ 09
e\@ystems \&/m@ egn

ngacéture in thelg‘ﬁe

cexean be nullglﬁj (l@tween

2.2 Behavior and Cognition Cap

For efficient communication
today’s world follow a di
For e.g.the power im

different users by thecpr A¥ use of the %1 onwer A
phone can adapt \Q@h&added noq?\ e incoming
signal regardless Yhax networ, Krhaintain good

throughput. | @fo has a decent |j | |ty factor and the
character sﬂb’s of its signals havi Y gblllty to adapt.

Jb@hawor

\{17 Is adaptive in nature and in a high manner. It is very
O much increased and can adapt to many types of parameters
@ such as the beam pattern of an antenna, the power, the
modulation technique, coding technique and the operating
frequency. It also takes into consideration the battery and
processor usage. The adaptation can occur in planned and
unplanned manners. The cognitive radio device recognizes
the radio environment to bring out further more potential

in communication.

&0

afons recorded are given as the input

adio where it is left to make a decision

%e mechanism, which is inculcated in it
algorithms.

5 %v?}rld Th

Oﬁ\mto the

th@%@%gs

@Tﬁ?o{@rvatlons and decisions decide the complexity of a

s in Cognitive Radio. And those parameters can

}lde if or not the process shall occur as complex or non-

omplex procedure using the involvement of past

s@\ knowledge or future knowledge and few probabilities.

Hence it is very important to properly design so that
intelligent and appropriate decisions can be tallied.

According to the cycle, it starts at the observation end and
then goes further traditionally. The cycle,although, actually
starts at the “act” end and that is due to logical reasoning.
It is so to know what actions are of importance and has the
possibility to occur. And this needs to occur before we get
to understand what decisions need to be taken and what
decision needs to be made.

Hence the important three steps include as;

1. Taking an Action
2.Making an Observation
3. Making a Decision

2.3.1 Taking an action

These are the actions that can bring out a certain set of
performance out of a cognitive radio or the different
alterations and actions of all forms. The action process
depends on the observation part and the necessary
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indications for alterations are provided by it. The CR can
be made efficient to achieve a desirable goal by altering
various parameters such as the pattern of antenna beam,
the power, the modulation techniques used, the bandwidth,
frequency etc. The parameters must be decided first before
proceeding and the CR must be aware of all the actions
possible before it goes onto perform a certain task.

optimal
solution.
- . .y . 0
Figure 2.1: Cognitive Cycle &c}
2.3.2 Making and Observation va

§ >

NO
To get a certain level of performance, theg\@%mete%sgbcf
radio are altered in many ways. Clues and fev@ are

attached along with these parameters to e

throughout the process help in aiding the radio wi
necessary clues. This area is used as the input and
determining which state the radio is workinggh,-& er
deciding the state the decision is made and
taken accordingly. 4, & fbo
The observation part |nvolves$ nQe tandln
requirements of the users and th iC

needs to be aware of its own cg LL{ S. A c@mtn@ra
is capable of discovering i V\@’observatlon,s;@ i&an
receive tallied observathlle?rqp%xternal sour@%ﬁ

The four general ap, @0@(@/@% used for olgeﬁ'\@ﬁ%s include:

1.ACRcan ae_‘,ﬁ)lre t?me observed s@g@ natural manner
2.With thep$ikes of GPS DedcesOuised, the hardware
devicexan be used to make certain observations. These
ared8w of the unnatural forms of attaining certain
ervations of the environment
%eBy using the technique of special signal analyzing the

O observed data can be acquired

4.By considering the environment it is operating in and
learning its parameters.

The last seen method is the most analytical of all methods
when it comes to making remarks.

As a part of making observation, necessary spectrum
sensing needs to be done to come up with certain

%Qﬁsmwt Wd

e the 6\ Second

necessary alterations. The observations thagy® talgheﬁ \\ they ?Q?fec

‘ggonls %\\o

conclusions regarding the environment the radio is
operation in. Generally the spectrum sensing part is
synonymous with the cognitive cycle.

2.3.2.1 Spectrum Sensing

This technique mainly involves in ruling or detecting the
signal transmitted and of interest of the CR Receiver. With
this method, the CR is enabled to spot or find the existence
of other radios or find whitespaces in its concerned radiQQ®
Further into Spectrum sensing, it is divided into fur
aspects such as Accurate Sensing, sensing the Appr@%ﬁé
Range and In time Sensing. <

\Q)

O

L
<

In order to detect the spectrum accur , the CR must be
made smart enough. It can have ssed detection and a
false alarm. For E.g. It would d@ﬁa <'ﬁrlmary user in the
environment when there I?ﬁ;’%@rlmy user in reality. The
other scenario is pretty hz; e opposite, as the CR
would not detect a userw}a n®in reality ig really present.
Both of these scenar(o? @ to mefﬁue@ﬁ'ommunication

and lead to proble@\Q%ﬁh as mterferenc%'(_oq/

2.3.2.2 Accurate Sensing

N
2.3.2. 3Sensg.g$|n Pe appropng@;@ﬁ\ge

tra ittq®in it fined range of spectrum.
ingthis deﬂ;@d.@n e% it, it is able to receive and
ecqde S|gr@\ bzé' je depends on the receiver’s
tsmitter’s power. Both primary and
dble to sense within a certain range as
rs having such level of sensitivity. If
with the proper range in hand it can avoid
§\8}1‘ Wstake such as the false alarm scenario or the

r%tgeg\\@etectlon

&}2 4 In time sensing

It helﬁeﬁﬁ %Creag\il(\rl%% &Tﬁ%g the sensing. Every

t&e» \Q} It majorly senses the primary user in the spectrum. It can
;g mvoluquAk@ *

be classified into two terms, the first being white spaces
and the second being return of the primary user. White
spaces, The first term, stresses on the free time of the
primary users which ends up in creating spaces or holes in
the spectrum. Therefore it is required to find the
opportunity to communicate and finding these holes help
in enabling that. The opportunity to communicate is lost if
a lot of time is taken to sense these holes. The second term
applied, the return of the primary users mainly addresses
the return of the licensed user to the spectrum. It is highly
required to avoid the unwanted interference between the
secondary and primary users. There is a high chance of
interference to occur is it takes too long to observe a
primary user and that wouldn’t be suitable for efficient and
enhanced communication process.

2.4 Selecting a Proper Interference Model:

The primary step in building a CRN is to choose an
appropriate interference model. The foremost thing in
constructing an interference model is to build a channel
propagation model relative to the radio environment. We
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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 ignore 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 exhibits
the effect of interference on the received signal at the
receiver end. Primitive channel model were derived from
collision channel 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 that signal would
win over the other and reach the receiver. Vulnerability
circle capture model and power capture model belong to
the above category. In the vulnerability circle capture
model for an i" transmitter signal to be successfully
received, its receiver power must be more than the power
of any other received signal by a factor B

Fﬁr,i/Pr,j>I2b

For example, if we take a transmitter node Ts, 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
received power supersedes the power of the accumulated
signals from all other receivers by a factor [p,

Mathematically we can deduce signal to interference ratio

as .
\\OT

SIR=\F, Ja

In the above equation, the received po %%t the receiver
end of the transmitted signal i is P,; @M a more realistic
scenario, we need to consider addnvk? n0|se power which

is denoted as (52, mathematigg Q e signal to noise

: - o
interference ratio O,OQ X
o

SINR:((P Jlx - x ‘@;ﬁ\; N
L o m@ff;; n:tmneN\(@

é@
In the ab \4 eq&a ion,  [Xm- x@gﬁ‘

mf’m
0

R()

ug\plies the distance

49
Q-

C}Q’ between er m and i % ceiVRr. The bandwidth in
s =12 i N \,b he ab m@de is at e Wy, for a given link
|3‘|r J=1,2..n;] b @ QIQ)r relgglé\ %@mon to take place at radio
BS}KQ{Went the\ y given link should exceed a
Let us consider a model where there is UI’lIf traw gshold. O @.,t‘l@ﬁu“,f,ed From the definition of
power level for all the transmitters. Y; Slﬁnnon s of® f&link capacity, the data rate for the
according to the definition of vulnerablllty cnclg@ﬁodel o\ |ven I| {P{ 2
the radius of the circle is r=p"" & L ( N ( N
O o’z’ & ?? > /1%, X |2)/LNOB+W§EN(3,”/|XH- %) )]
Cgo@%r@\ts channel bandwidth and N, denotes the noise
Potential Interfering Terminals / \O@Q\ enSIty
06 >
© 6\ C? Technical Specification
&
Q’O s@
& 3.1 Genetic Algorithm:

Evolutionary algorithm was found to be promising in

} X | gorith
(\'z’ solving the optimization problem. Hence we have opted
Nk Tnteforing Toahinals \170 for genetic_ elgorithm to maximize the network capacity,
C thus optimizing the spectrum as a whole.
< < Q
ransmitter len Q \
(@) Trnsmiter QQ'\Q/((’ & (<f</ 3.1.1 Approach:

® Recely wﬁmm\ 0{\ \(</ The algorithm is carried out by random choice of
SO Q’;@ chromosomes that have a particular trait which are

\
bﬂé Figure 2.2: Vulnerability Circle
X
Iré%'\he above diagram, the vulnerability circle diagram is
\ﬁ’emonstrated The transmitted signal from T, is intended
to be received by R; but it is interfered 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 in degradation of spectrum efficiency.

computed through generations. The fitness of a given
chromosome at a particular generation is evaluated on the
basis of a random probabilistic calculation. Calculation of
fitness of chromosomes is based on individuality, the
process continues for several generations iteratively till we
reach an optimum solution.

3.2 Stages of Genetic Algorithm

3.2.1 Initialization:

N chromosomes re generated randomly which form the
initial population. Probable solutions for the given problem
are part of the population stated above.
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3.2.2 Fitness Measure:
This stage includes computing the fitness of chromosomes,
which constitute the initial population.

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

3.2.4Crossover:

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

3.2.5 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.

3.2.6 Stopping Criteria:

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

3.2.6.1 Roulette wheel selection:
In this selection process probability of selection of a giv@@’
chromosome is directly dependent to its fitness. Co
M(l) as the fitness measure of a chromosome, g@en the Q
selection probability of this chromosome is gl as P
which can be mathematically formula&z@oﬁs fignes
measure M(l) of the given chromosom dlvmﬁk
summation of all the fitness measures of ‘N’ er of
chromosomes present in the solution domai ‘h] roul t@ fb
wheel selection process, each chromosome is estquaied&\
with the sum of fitness of all the chromosomes
chromosome with greater probability has mo of
being selected. Using any of the abow@ n%ejl oned %
procedures reproduces the child chromoso@}gﬁ\‘b

N
Table 3.1: Roulette Wh ‘é‘&e@%n

9 o o

Chromosome No. Total Fitness Selecgion Probamﬁty R Oo\
180 25.5% R N S A
2 45 14.3% &L 0 R L
395 30.35% s N
47223% PR AN
5216.7% NP2 O L&
Total 313 1008 & & (X

RS IR

To compre?@?d the selection @fbc we have taken a
possible of solutions of 5 chromosomes with their
fitnessggeasures and evaluated probabilities of selection as
gi Nin the above table. It is evident from the table above

the 3"chromosome has maximum fitness measure

\\O\Emong the whole set and the 5"chromosome has the least

Q-

fitness measure and hence the corresponding selection
probabilities.

This selection process has been named Roulette Wheel
because, the wheel is whirled N times for N number of
chromosomes in the solution domain.

Since the first chromosome has the maximum selection
probability, it shall occupy maximum portion on the wheel
whereas the fourth chromosome with least selection
probability occupies the least portion on the wheel. While
the wheel is spun, the probability of selecting the first
chromosome, which has a larger area, is always more than
the rest of its counterparts. Thus this whole process
eliminates the selection of the poorest chromosome almost
unlikely.

<

R
B Ch 1 | K& 2 mC 3 L K& 4 ('hronb%n‘ s
\\O
v
&\)@
>

& : ,\‘],
F@ﬂ@bé’% Roulette Wﬂé%h,
\@ﬂ
3.2.7 Chro om‘@structure 4@ /\
The pro netic, ngor a% be carried out only
upon gﬂectl “an ap h@ osome structure. Each
chr saite com fent genes. Each gene in a

m&éme dQ&c s@sorﬁb characteristics of the RF

\@conment e% n genes in a chromosome of a
envir mmergg &xynal power, data rate, and operating
requel @qro{q{ﬁsomes are the basic elements of

Gen , which must be showcased in a way
rmatlon of the probable solution is
Wlth it.

ost generalized form of representation is in the form
inary string. The genes of a chromosome are built

QO

(@ sing basic radio parameters. The most essential condition

is the variety of chromosome’s necessary process. Power is
the greatest necessary radio parameter for communication.
The quantity of power is completely relative to specific
applications. Extreme powers which maybe too high or too
low maybe undesirable for effective communication. Thus
it is mandatory for power to be in optimum range, which
can boost the chances of reliable communication. Signal
power is generally kept low to remove flaws in the
communication.

3.2.8 Binary Encoding of Chromosome:

In them mutation state of genetic algorithm, chromosomes
are binary encoded. Each gene in a chromosome is
transformed from decimal to binary for the mutation to
carry out. Soon after them mutation process the genes are
changed back to their original decimal forms.

3.2.8.1 Fitness measure:

An objective function is defined to determine the standard
of each chromosome that comprises a part of the Genetic
process. The fitness measure is directly dependent on the
nature of the problem. A new generation in the iterative
cycle is formed by the application of the fitness measure.
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In fact, it replicates a filter which restricts individuals that
are not meeting a particular level of fitness So that the
chromosomes that are deviating from the optimized
solution will be truncated. This stage is followed by
selection crossover and mutation.

CLele oo e e oo e it e

Bit to Mutate

[fefefefrfrfrolefrfefr]ofr]r]r]ojr[oloir]r/r]o]1]

Changed Bit

3.2.8.2 Crossover: Figure 3.3: Mutation Process

After the selection stage in genetic algorithm, fit
chromosomes are chosen and the next stage is to takeout
crossover. Crossover is a technique by which dealings of

<

3.2.9 Stopping criteria o

any two chromosomes can be interchanged with each other
to form two new offspring. There are multiple crossover
techniques, namely single point, multi point, two point and
uniform crossover. Research shows that, two-point
crossover technique yields better solutions relative to other
techniques. Generally, crossover rate is between 85-95%.

Random cluster of crossover points are chosen in the
chromosomes, which will segregate them into parts having
different parameters. Crossover process is followed by
mutation. The random value that is generated is compared

This criterion is completely related to the optlmlzath‘&
problem. When a solution with desired values is re&cﬁéd
then the stopping criteria comes to play. It is a Jimon
observation optimum results are produced in t@en 60-
90 generations and the genetic process pacg§’town with
increase in the number of generations. Fi
imposed on the final generated cluster, 3%e most desirable
one is chosen as optimum. Genetic rithm is associated
with random values, so there is, ¢ghance of choosing
wrong results. GA is known t0(§p pﬁxr}e a set of optimum
solutions rather than a smge I

S measure is

with the mutation probability if it is found to be lesser,
than a reversal of one of the bits in the process. It is ideal
to keep the process rate low so that it doesn’t interfere with
the fitness level and nature of offspring.

3.2.10 Conclusion: N
The most challengi tin cognltm@radio network is
spectrum allocat quality of S@_’,\(I @e uirements of
the applicati ch% not feasiblg\"t‘ cate the perfect
band dureﬁt,hpm%QenvironmeWO amts but the ability
AP0 assi band@mog gz@mtmg bands is a topic
b?“ \‘7’ to b eeuiched C t all these constraints, we
& p Sosed a q,ﬂl)catlon solution for cognitive

(rﬁi 0 etwor gvbdes best possible solution from

@‘%@@ "

Crossover Point 1 Crossover Point 2 \Q)
L

Chromosome 1

o thQQ\valla E? Mions. Without compromising the
QOS re nlén scfeenetic algorithm doesn’t give 100 %
\\0 efflcle o\%@ @ ue to its random behavior but choosing
e\@ﬂ“eq) % ion can rectify this.
S

{S\Qn\@%eﬁ\eﬁ\d population, the first portion of population is
generated. And the second part is generated

\Ousm the information of first. This reduces the randomness
Q& qﬁ'populatlon The seeding of population can cause another

First Offspring

Figure 3.4: Reproduction gf

Porh? 2@§over

3.2.8.3 Mutation: ob\<<f</(</ ®° A
In order for the,zgen @c diversity to {t%t erom parents to
child chromc@mes mutation ig Q’h% essential stage in
GA. Mut tlxh is carried out on the &s of the offspring
which sa[® just produced after the crossover, by toggling
bin it of 0-1 or vice versa. Unlike crossover, mutation
ot be formed with decimal representation. Hence,
romosomes have to be converted into binary form. There
may be adverse effects on the chromosome structure of the
offspring hence the mutation rate is kept low which is
around 2-4 %

‘\@ issue that is premature convergence.

Premature
convergence can be countered in the following ways. By
increasing the rate of crossover and mutation, we can
decrease the probability of pre convergence. But this will
increase the iteration time and also randomize the solution.

By increasing the initial population, we can decrease the
probability of premature convergence. However, execution
time will increase corresponding. Although the above
solutions are proposed, there is uncertainty in radio
communication. It is concluded that the proposed solution
is favorable for removing white spaces and best possible
usage of the spectrum in cognitive radio networks.

3.3. Spectrum Allocation:

The heart of our project work revolves around Spectrum
optimization in CRN. Cognitive radio receiver senses a
radio frequency environment and a spectrum hole is
allocated to a requesting user without compromising with
the quality of the service requirements

Spectrum allocation test: is performed for the given
spectrum and if the resulting parameters meet the users
QOS requirements, the process is stopped; if not, multiple

Volume 5 Issue 5, May 2016

WwWWw.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: NOV163150

80




International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064

Index Copernicus Value (2013)

: 6.14 | Impact Factor (2015): 6.391

tests are carried out until we reach an optimum solution.
Spectrum allocation regulations are to be followed which
the regulatory authorities authorize. These norms serve to
decrease the interference in the spectrum bands and also to
meet the QoS Requirements.

Spectrum allocation test: is performed for the given
spectrum and if the resulting parameters meet the users
QOS requirements, the process is stopped; if not, multiple
tests are carried out until we reach an optimum solution.

3.3.1Making a decision:

The decision making process is the most pivotal aspect in
determining the performance of a cognitive radio. The
distribution and the usage of radio resources are the
elements that require the most precise decision-making. It
also helps in enabling fair communication amongst other
users.

3.3.20ptimization:

The best choice of the existing options, which is most
feasible choice, that enhances usage and also enables to
reach the desired goal with high efficiency.

Optimization hovers around three different types of
scenarios, which include;

o4 >
1. Optimization Goal > N
. . el X0 ° o
2. Available options L ° NI
3. Determining the best option @ O R\
\(OQ \ ,\O .
3.3.2.1 Optimization Goal: Q 'Z}v \\\O (of
Selection of efficient systems in such a way that g&& whole ,O LS
the effective communication is maximized. % OQ,Q ] \0"5\
N >
3.3.2.2 Available options: & o 0(,\“
They comprise of a set of feasible solutions or ﬂgut {3\ ,3\&0 \'\\Q
of which the best option is chosen in ord% c_r,each a 6 \(‘\@

Given, the number of variables is high; It would lead to
cumbersome process in applying the algorithm. Thus the
simulation time gets longer. In situations like these other
techniques prevail over Genetic Algorithm. In short, the
algorithm faces major constraints with respect to number
of variables. Although, this particular drawback can be
resolved, Given, Sophisticated hardware architecture has

been applied.

4. Design Approach and Details {bo
0

4.1 Methodologies and Design of Spectrum AIIocag%n

Our proposed model consists of five stages. these

stages form the cognition cycle. It is named @§cogn|tlon

io nodes to
namically adapt
In the spectrum-
uen annnels are being
f@?éh@ﬁon such as the noise

s;Qa Iayer

cycle because of the ability of cognitiv
sense the spectral environment and
itself to the new state of the enV|ron
sensing phase, existing freq
monitored by the SU’s to get i
and interference level of the

particular goal. (1/ \‘2' 0@ Figure 4.1: Cognition Cycle for spectral Users

A5 W ‘é(b 6\ 2
3.3.2.3 Determining the Best Optig \' \é Secondary users are authorized to increase their
A fitness test is set to determine; the be_g?ophon{@%e& & transmission power in such a way so as to not interfere of
available solution is SEIeCtiddéé fitnesQue f‘,%&/ the primary users by being aware of their position and
spaces are assigned to sec r Casers that ar%, U@ﬁ in interference temperature thresholds, so that the constraints
spectrum sensing. Ano M aseRt of this o Yon is of the primary users should be met.

putting a check on t
mechanism is requ
radio to control (Q
given commuaﬁatlo system is
control mecpinism. N

r consumptl@ﬂ Q_@ eedback
very user | N cognitive
T by itself. |rements of a

Q;?\ e above power

3.3. 2<QVIerlts of Genetic Algorithm
Th@\ ey utility of Genetic Algorithm is its computation
lity, which can reduce the simulation time. It can
\Ooptimize for many number of variables. It doesn’t give a
@ single solution but a list of optimum solutions. Fast co-
incidence is another utility of Genetic Algorithm that can
meet the solution in minimum time.

3.3.2.5 Demerits of Genetic Algorithm

A complexity is involved during the encoding and fitness
measure stages of GA.
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In the second stage, On each channel, the transmission
power of the secondary users are increased; given that
interference constraints on all the affected primary users
are met. By determining the transmission power and
positions of users at their respective channels, we can
calculate their capacities by making use of Shannon’s
formula. Since there exists Co- Channel interference
between adjacent channels, hence we need to capture this
first before applying the optimization. It is not possible for
all the potential links to be active simultaneously in a
given channel; we determine a feasible bunch of Active
links operating at the same time in order to maximize the
network capacity. In the final stage of channel assignment,
after identifying a bunch of non-interfering links, the
remaining channels will be allocated to the secondary
users correspondingly. There are two sub stages in
interference control of cognition cycle.
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In the first sub stage, being cognizant about the primary
users events we finalize maximum permitted transmission
power for secondary users to assure that the primary users
that their interference constraints. In the second sub stage,
we make sure that interfering links on each channel does
not get activated simultaneously, by modeling the co
channel interferences. Secondary users can raise their
transmission power between the lower and the upper
bounds; the upper bound is the maximum allowable
transmission power. But SINR should meet its threshold
level for reliable transmission.

4.2System design and Analysis:

Let us assume that there are K primary users in the spectral
environment transmitting to each other through C channels
and L secondary users. Competing against each other to
access the spectrum opportunistically.

Let us define a matrix to determine the availability of link
between two users. Mathematically

B={b |b 1401

|3|C m,n,c m,n,c

and n sense the channel ¢ as a free channel. If not, b
In order to infer if the channel ¢ is free or n each

In the above equation bp,,=1 if both secondary user&%@

secondary user relates its observed interferen n thz\

channel with the interference temperature I@shold
fact, mathematically, secondary user m sen§é§ the ¢ &mel

\’0 ﬁ]g@

CIR f e'}bove é\ a

P Ep "r:T £T1ErEM

+/ $r:Tr’C>TC/ >0

Apart from the maximum limit imposed on the power *
transmitted by the secondary user, there is also a minimu :
transmission power level required for each secondg®y
user’s transmission so that the condition of migRyum
SINR is met. Each secondary user has to ckQdse its
transmission power from its minimum an Shaximum
bounds. Mathematically, we can deduce the g&lation as pl
[Pmin mc \Pmaxm,c].- Having deduced the tr, %mlssmn power

of each secondary user m on their ahannels, we shall
determine link capacity of each ntial links on these
channels. We shall construct jht matrix W, as
Wnne. Each element in this m@lx resents weight of the
link in between transmitte eceiver n on channel c.
mathematically we can s@ernﬁne it as:

H/mnc _B@O\I’@% ( ‘S\@{Rmnc
JAEmp S S
C' A b\o'\q’QQ

(1,
s\Iiz,rmplles bandwidth on channel ¢

SIN the SINR of the link amidst

free if the following condition is satisfied. .\(\’b o\\\ ‘bransmltte; rq;elver n on channel c. we can calculate
O{@ be SINR olgﬁ?al links as:
Siafsd & 4’
S . g r
a P +N £ T QO P R — nmc
r c c O & 2 S
1. mnc RN S o N m,n,c K
SIS N+Q P

In the above equation, P;mnc IS ﬁa& p@er receg Q rle

i use?’ @0 7] I=1,tm

secondary user m from a signal pr|m

channel c. The noise on the ch&eqxpflglve %

after discovering a set of @gf links for séf-’ the

users, each link is assoct % a weight. S@e motto
ks

is to increase the n @%h link as
link capacity Eég%{ge

pacity, we Qﬂ’o
its

: condary ui raises
transmission  [x e\b\for a  givé éﬁannel c by

simultaneous§§? being in accorqyg \@Yh the interference
constrain %%’f the primary Users. Inq?act mathematically,
we ca ike a relation for the transmission power of the
sec ry user by determining the maximum allowable
trgRSmission power. If the transmission power from the

\\o\%econdary user exceeds the limit by a factor A[J [J therthe

@, condition on interference threshold is violated ] Hence we
can mathematically deduce the following equation.

In The above equation, the power received by receiver n is
Prame Which is from transmitter m on channel c. The
background noise and the channel are denoted by n. The
total number of active transmitters on channel c is k. in
order to control the co channel interference on each of the
potential links; we construct a matrix to remove all
possible conflicts.

G =G |
mc C

m,n,p,q

0,1

In the above equation, Gemnpq 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 g on channel c. if not, ,
Gemnp,g Will be nullified. One link intervenes with the
other, under the condition that coinciding transmissions on
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Q-

these two links result in the SINR of one of them to dip
below a certain threshold SINR required having successful
transmission. To avoid non- active links to be part of our
solution set, we construct a channel assignment matrix,
which remove non active links. This matrix consists of
binary values [0,1].

={d, 1 {01}

Thus it can be said that, when dpn,. =1, then the link
between transmitter m and receiver n will be part of a
bunch of potential links for the channel c. if not, dp ¢

Will be nullified. In order to put a check on link conflicts,
we impose the following condition on the spectral
environment.

H +a £1
2lm.n.c p.g.c

F’{GC =1
@EmﬁpqEN

We can determine the total network capacity of .
spectral environment by taking the sum of produgt€Sof
channel assignment matrix and link capacity m trix.

Mathematically, \ o

\(og\ '\

T=Agg(@ _D

In the above equation, Agg is the operator tha c@ft\es
the addition of all entries of the matrix. T feb the
overall network capacity of the spectral el \&T‘ @,‘?ent Iti

observed that D, and W, have unlfor S|on ,%
above equation can be made as a ¥zed e ort}ﬁ
eOYfuncti

which can be used as an obfé &ro ”1'9
evolutionary algorithm such as Q@létb&‘a gont@ \
(\rz»

4.3 Genetic Algorithm tr ion:
In order to optimize t &8m, we nee §?Q&\w{c\omplex
interactive algorith e we sorbo }(/\for genetic

«z}\®®\ & &

\\\Q 6('(\

CROSSQVER POINTS
XX O

& syPmatical
‘6 Jonary f(g a

O |mprov§ti\é@et

o“ gz}

algorithm. Each chromosome in genetic algorithm depicts
an optimum solution from the total set of solutions.

Orderly arranging the rows of the assignment matrix Dc of
multiple channels side by side to form a string having
binary format builds chromosomes. For example, let us
take three matrices namely P4, P5, P6 indicating the links
on the channels 4,5,6:

01 0) &
0 0 1 N
0

{P Q represents the link amidst
o if it is unity. Hence, we
@é@ 0 II the matrices into a string of
th 27 bits. Since our motive is to
capacity the fitness measure of each
o@ ome implies the capacity of feasible
9\ For every iteration of genetic algorithm,

S
o
@uﬁfw%

{_(\Qac&b ﬁéfhg chromosomes is sorted in accordance with their

easures. The chromosomes with improved fitness

'\Oarg&ibtamed in the subsequent generations. The below
d?gure shows crossover points on the edges between the
@ Slinks which indicate that they are from different channels.

The main utility of these crossover points are the truncated
co-channel conflicts shall not be carried to the subsequent
generation.

Table 4.1: Crossover Points

[0 & [0 [0 o [1 o [1o o011 olo[i[z]oo]i[1]ilo]i]o]1]0]

Qﬁ‘I‘ANNEL 4 LINKS | CHANNEL 5 LINKS | CHANNEL 6 LINKS
.

4.4 Codes and Standards

Government authorities like Federal communication
commission control the EM spectrum. Under the federal
radio act of FCC, only the licensed users who are the
authorized personnel can use the EM spectrum. The
misuse of the EM Spectrum results in the production of
Spectral efficiency of the wireless networks. To solve the

spectrum under utilization problem, cognitive radio has
been introduced. A cognitive radio should be cognizant of
regulatory policies enforced by the licensing authorities.
Cognitive radio is a self-functioning system hence it
doesn’t need any monitoring and can manage the wireless
networks on its own. For reliable communication to
happen, it is mandatory for QoS necessities to be met.
Hence we sort it out for cognitive radio. In other words,
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QoS is described as calculable and filled with high quality
features that are needed to accomplish the working of a
function. Before the advent of cognitive radio, Software
defined radio was being used for a wide range of operating
frequencies. SDR is a radio terminal, which is capable of
functioning in different bandwidths. To counter the
drawback of an SDR i.e. QoS necessities are not met in a
SDR hence it directed to the improvement of CR. The
subsequent three meanings were additional to the SDR to
make it a CR:

e Spectrum Management

e In line with a wide range of wireless networks and
humans too thus delivering reserves to help humans in
their activities.

5. Schedule Tasks and Milestones

Our Project journey was embarked by first being aware of
the current work in Cognitive Radio and how it is being
used to optimize the Spectral Environment. We first tried
to understand the problem statement of our project. So that
we can ponder over and arrive at an optimum solution.

Spectrum Optimization through dynamic spectrum access
is our problem statement. Network Capacity has to b

improved and the betterment of QoS parametersév{@
t \’0

ective O?’
that hi®

necessary to ensure reliable communication. We sorg
for evolutionary algorithms to optimize the
function (Total Network Capacity). We foug 1L
encouraged algorithms were promising Qi\ etermk‘sﬁtg
optimum solution for the given objective function. (\

N

Essential tasks of our project are to eliminate ®h|te sp@ﬁsQ
from the spectral environment by opportunlst&alléspo

accessing the spectrum, this is done by second

who approach the band when it is unexplo@d& QPthe
primary users. The primary users and the sQ&nd&/ USersy
should be topographically located so ir po
levels are within the bounds as discuss
secondary users should have a mird nb%Iue of J? %
channel is associated with an mter{@rence L pe@z
threshold, which should not@ ated. 'gﬁ
secondary users should ra@? th_@transmlssm in
accordance with the constﬁ 'Q@ e}(\

We have faced cow)‘}%é(«mllestones u{dy\ é/(]purney Some
&

N\
of them are: f2§ \Q \@

e As th Ximber of primary and%econdary users are
mcn@g d, the elapsed time in converging to an optimum
sqg@tlon will increase exponentially

increasing the number of active links, disrespecting
0 their capacities heads to ruining of the overall network
capacity.

¢ Genetic algorithm has an intrinsic trait of being random
in nature. Hence due to the operations like mutation and
crossover, by increasing the number of iterations does
not necessarily assure us of an optimum solution.

e We also cannot ignore the time complexity in the
functioning of the genetic algorithm.

\\o° &S

e@mer SINR'O \0

6. Project Demonstration

We have built an environmental setup comprising of 4
primary users and 16 secondary users, which are spread
across an area of 1024, square meters, as shown in Fig
6(a). As discussed earlier, we shall operate the cognition
cycle stages to this spectral environment. With a
supposition that secondary users operate through six
operational channels. We have restricted interference on
each of the channels by imposing an mterferegﬁe)O
temperature limit of 10db on each of the channels AI{

have a requirement of at least unity as the SINR.

x s&éé\
“ ondary Users 0‘
IH 9 ?m;uls:s ] %Qe o o
- 0
"I v@%
’5.151— @ ' .©/ \%0
m‘- (] 0 0 g ‘-19 i 0
5 N
il | \O (?;Q | |
0 0 Q‘\ ﬁ?ﬂ 2 3
Figure 6(a): S@;\t‘%&stnbutlon o(ffPUs and SUs
2> @‘b 4
¥ S5

| i& ‘o

-.-CH::M Q . Q\' o.')
:;@ 9 Sk Q 8
”

6\.064‘%\' | | |

> Q.9 3 2 % % %
% & Links Recierer D

Q
{5\ \>° @gure 6(b): Interference Graph for channel 1

trustworthy transmission, we initially spot the potential

0 nks and determine their network capacities and SINRs.
Qﬁ s@ We neglect the links with SINR less than 1. We build an

rQ‘JO

interference graph for each channel as shown in Fig 6(b),
which represents the interference graph of channel 1. It is
observed that genetic algorithm converges to an optimum
solution as the number of iterations increases as shown in
Fig 6(c).

We take another case where we have 25 secondary users
and 5 primary users, spatially distributed across 2500
square meters. It 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 in fig6(d). The
network capacity may increase only if we consider all the
links as uniform, which is not practical. Intrinsic trait of
genetic algorithm is highly arbitrary due to processes like
crossover and mutation.
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|

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 in which

the

that

secondary users are equipped with the capability to

control power, it is able to achieve higher capacity; given

the secondary users are distributed in a random

manner as compared to the case in which they are laid out

ina
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. In our project we have come up with little
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design, to facilitate maximum capacity in Cognitive Radio.

The results shown in the simulation prove that it is ab
achieve higher network capacity by inculcating
suggested model than the normal methods used
allocating the spectrum wisely. It has also come to
observation that, by maximizing the number of links

le to
the
for
our
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
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