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Evolution of wireless communicatidms lead to an enormous growth of the wire
system and its services. In the last two decadiesntimber of wireless systems ¢
services has grown exponentially. Due to the higmahd of the users of wirele
systems, the availability of prime wiretespectrum has become severely limi
According to the National Telecommunications andormation Administration’s
(NTIA), only a little new bandwidth is availablerfthe upcoming and emerging ni
wireless products and services as almost all frecpubands have been assigned.
Because of this spectrum shortage the users cimexist the same frequency ba
interfere with each other. To avoid this spectrdrorsage and to utilize the spectr
efficiently the idea for Cognitive Radios (CR) wiadroducer. These devices utilize
advanced radio and signalecessing technology. In CR there are new teclesigisec
for spectrum-allocation purposds. CR network the secondary network users sh
exist transparently without disturbing the primamgtwork user. This is called
transparent coexistence of the secondary netwotkrférence is caused due to
transparent coexistence of the secondary netwevlirtts the primary network. Henc
Interference Cancellation (IC) is done using chéngetechnique. Inchanneling the
frequency will be slotted so that the secondary usk not cause interference to t
primary network userThe probability distribution algorithm is proposes the traffic
between the nodes in the networks will be randohe $ystem wi be distributed
system. By calculating the traffic, interferencenaaation is done. Using probabili
distribution algorithm maximization of minimum thrghput is achieve

INTRODUCTION

Wireless technologies like \-Fi, Bluetooth, Wi-Max are in demanfibr the past two decac. Many
wireless technologiegses the Industrial, Scientific and Medical (IShnc. Thee is a constant growth in tl
number of devies that function at the ISM ba FederalCommunications Commission (FCtsays that the
utilization efficiency of thespectrum ca be as low as 15% on average in a suryne spectrum measurem
campaigns have indicated that the actual occupafcsnost licensed frequency bands is quite The
government regulators have introduced spectruntation policies. Due to these policiand because of the
exponential growth in thevireless communication servi¢, scarcity of the spectrum occur (Hou, Y.T., Y.
Shi and H.D. Sherali, 2008).0 overcome this spectrum scarcitynovel technology whih allows open
spectrum sharing vgaintroduced. This technology is called Cognitivadi® technolog' CR is an emerging
technology which shargbe idea of sharinthe spectrum dynamically. Thats as a solution to the spectr
scarcity caused by the growith wireless communication systel Cognitive radionetwor} plays an important
role in achieving higlbandwidth utilizatio reducing the spectrum scarcity (Gao,d&ral., 2010.
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Cognitive radio is an intelligersoftware radio device.In CR network, the licensed band users are ¢
primary users These primary users are given higher prioritythe network.Cognitive radit utilizes the
spectrum in a resourceful walpy enabling the unlicensed that is the secondary s to establish a
communication link in licensed spectrwwith a condition that it does not cause amgrference to the licens:
that is the primary useand without affecting the quality of service as tmenmunication between the licens
users takes place. (Geirhofer, &,al., 2007). In ordetto achieve this, the secondary users need to
transparently without disturbing the primary us To stay transparent a secondary user should ldwer
behavior of the primary users.

[1. Methodology:

In the proposed system 30 users are considered. Among 1bemsers will be primary users and 15 u
will be secondary users. The nodes used for tratismiand receiving are mobile or distributed noded of
Multiple Input Multiple Output (MIMO type (Choi, L.U and R D. Murch, 20080th the users act in differe
frequency ranges. The secondary users tries to cmicate some other secondary node and if the rsodetiin
range then the secondary network users communitatesgh the primary network by quency hopping. If
the primary nodes are communicating then interfegerccurs

The secondary networksars should exist transparerwithout disturbing the primary network users. T
is called transparent coexistence of the secondetwork. Transpant coexistence of the secondary netw
users is ehieved by learning the behar of the primary network user$he interference caused is removed
is done by channeling techniqu¥u@n, X et al., 2013).When the secondary network user tries to use
primary network when the primary users are in conitaterference occurs. Thinterferenceshould be avoided
for high throughput (Bakr, Oet al., 2009). Interference that occurs is of two types:

* Internetwork Interference

* Intranetwork Interference

In channeling the frequency will be slotted so tthet secondary user will not cause interferencthdx
primary network usefThe probability distribution algorithm is proposasl the traffic between the res in the
networks will be random. By calculating the trafficC is done. Using probability distribution algthnin
maximization of minimum throughput is achie\v

In Fig. 1, the 4 nodes are considered. Among the fodes 2 of the nodes (Node 1 and N2) are
primary networks and 2 other nodes (Node A and NB)Jare secondary networks. The two networks @&
different frequency range. The primary network atts range of 2.4GH- 2.4835GHz range. The second
network ac$ at a range of 433MF- 473MHzrepresents the block diagram of the proposed sy The use of
different frequencies increases the number of udérde 1 and Node 2 communicate at 2.4GHz and Mo
and Node B communicate at 433.9MHz. The nodes adernmobile and this causes hinterference. This is
cancelled by channeling where the frequencieslatied.
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Fig. 1: Block diagram of the proposed sys!

Multi-hop cognitive radio technique occurs when the dat&ransmitted from one secondary node
another which is out ofange via primary node. At that time the primand@aovhich is of MIMO antenn
switches itself to the secondary node frequencytearsmits the dal Wireless MIMO systems with multip!
antennas employed at both the transmitter and wexcdiave gained tention because of their promisi
improvement in terms of performance and bandwidfthiency (Goldsmith, S.A.et al., 2009.

High data loss occurs as the nodes are mobileeirdistributed system. In order to avoid this praoble
technique called probability distribution algorithi®m introduced. In probability distribution algdmt, the
random traffic between the primary niork users are analyzed. The nearby ndusavios are learnt by the
secondary node. Thegrobability of the traffic in the neighboring nodes studied by the node that tries
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transmit data. When the traffic is free then theoselary node establishthe connectin. If there is traffic thel
thesecondary node searches for other nodes. Thusthdrednsmission occurs in this CR netw

[11. Probability Distribution Algorithm In Cr Network:

In the existing system the nodes that are congider¢éheprimary and secondary network are of fixed .
centralized manner. Transparent coexistence ofyheem is achieved. Interweaving paradigm is 1 The Fig.
2 represents the existing system.

Primary connection

Interference of Spectrum

Node A1 Node B1

Secondary connection

Fig. 2: Connection between primary and secondary netnodes

IC is done in by using learning the behaviour &f plnimary system. Challenges |

e Channellindgtime slot interferenc

* Internetwork Interference

» Intranetwork Interference.

These challengesan be solved by consideri certain properties like:

» Channel State Information with high accur:

» Fixing time slots for traffic between the primanydasecondary nod

» Making the nodes fixed and st

In a centralized system:

« One node or routes responsible fadividing the allocated spectrum channfelsdifferent user

» This node or routeshould be informed abothe traffic between the nodes according to the deinod
the users periodically

e This responsible node or roL headshould be informed about the network topologyhHreare any
changes ithe topology it should be informed to the node headiodically

* The node or router head should be periodicallyrmfed about the link quali

» The node head maintains the information aboutha&lldther nodes. Hence the information gets le
as the natork grows and it gets more complex to maintainrtégvork

This reduces the scalability of the systeThis becomes the drawback of tbentralized syste. In the
proposed system the nodes waraderandom (i.e.), the nodes will be mobile nadékeconsidered system is
of distributed gstem. In a distributed syste

» Every node should bgiven informatiol about the conditions of theeighborhoo nodes.

e If any two nodes decideto communicate by using a channel, all the neighbatesoshould b
informed about the communication

e By informing such, it assumes thno other nodes will interferaith their communicatio reducing
data loss.

e Every individual node should have the memory capaehich will be able tc store an amount of
information.

» Each nodeshould be able to store large number of messagebddunctioning of the algorithm as
exchanges

» The scalability of the network in this system igh
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A. Probability Distribution Algorithm:

A probability distribution is used to calculate thessible outcomes of any random experiment oreguov
procedure. The probability distribution basicallyaf two types: multivariate and univariate. Thégppr shares
the univariate probability distribution method. Angp univariate probability distribution methods, dmial
distribution is used. Discrete binomial distributitss used because the number of outcomes are tbeinta
Generally, if there are two possible outcomessuecess/failure in independent trials, then the probability is

n

X n-X
X (successes) = (Jp a-p) (1)
where,
n is number of trials
X is success of out of n trials
p is probability of success
1-p is probability of failure

Using this binomial probability distribution methdlde traffic between the communicating nodes wél b
calculated. Based on the possible outcomes ofé#ffiict the data will be transmitted between theoselary and
the primary network nodes. Only if there is noficathe communication will be established. If ntte data
from the secondary network node to primary nodélvéldropped. This avoids interference.

B. Algorithm:

Stepl: Start the program

Step2: Initialize the nodes by fixing the numbenofies, type of antenna used, type of routing podtand
plotting circumference

Step3: Frequency is allocated for the MIMO antennas

Step4: Positioning and plotting the nodes

Step5: Base Bandwidth allocation for primary ancbselary nodes

*  Primary network range- 2.4GHz - 2.485GHz

» Secondary network range- 433.4MHz - 473MHz

Step6: Setting time for node movement to move atiihg the destination

Step7: Traffic is created for 30 nodes

Step8: Probability distribution algorithm is applie

Step9: When traffic is considered the starting tand ending time of the traffic is considered.

Stepl0: If the starting time of the transmissiothi@ source is less than the ending time of thestréssion
at the destination then the connection will be taated

Stepll: Else the traffic of 10 nodes are learrthdftraffic is free in any node then establishnamtion

Stpel2: Else check for closely available nodes

Stepl3: If there is traffic in the nodes then ditog packet

Stepl4: Else if there is free traffic in any nodéablish connection for the secondary user withpiti@ary
user.

Stepl5: Stop

C. Probability Distribution Flowchart:

The process of simulation is explained in the flbart discussed below in fig. 3. The nodes, anteanas
initialized initially. Frequency for each nodes lile allocated. Nodes are positioned. When the s\@ate
positioned traffic is applied. The probability dibtition algorithm is applied.
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Initialization of nodcs, antennas, Routing protocol |
Vi

| Frequency allocation for MIMO antennas
v
| Node position & plotting

v

Base Bandwidth allocation for Primary & secondary nodes

v

Node movement-Sct time to move & set destination

v

|

|

|

|
H Traffic creation for 30 nodes I%

@ | Terminate connection |

Yes N

0
| Establish connection | Yes Close
distance
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V. Result Analysis:

In the existing system, the nodes are fixed noBesnary nodes and secondary nodes are differedt
with colour of the nodes. 15 primary nodes and &&omdary nodes are considered for the analysifie
parameters such as

»  Throughput of the system

» Data drop while transmissi

» Bit Error Rate (BER) of the transmiss

Simulation and analysis is done using Network Satarltoo-NS2.

Fig. 3: Flowchart for probabilitistribution algorithr
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Fig. 4: Fixing nodes for the existing syst

Fig.4 represents the simulaticAfter fixing the nodes, traffic is applied undecdnditions

» Traffic between two primary nod

» Traffic between two secondary noc

« Traffic between two primary nodes which are notange with each other but transmitceives data
through a secondary node

» Traffic between two secondary nodes which are moange with each other but transmits/receives
through a primary nod&ig. 4 represents the fixing nodes of the exisipgtem
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Fig. 5: Traffic between fixed nodes in existing system

The traffic between nodes is shown in Fig. 5. Taéfit is applied and transmission of data occlnsa as
well as inter network transmission is applied. ®©kerall transmission is calculated for 24mS.

Using this centralized system:

»  Throughput of the system

» Bit Error Rate (BER) of the transmission

» Data drop count while transmission are calculatetianalysed (Bazaraa, M.8tal., 2010).

In the proposed system simulation the nodes areemaabile and the system is of distributed manner.
When the nodes are mobile more interference ocgtis.is cancelled using channeling technique.
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Fig. 6: Traffic between mobile nodes in proposed system

Fig. 6 represents the mobile nodes and traffic ajimmth the primary and secondary network nodes.

»  Throughput Analysis

Throughput of the system is calculated between {img) and data (Kb/s). Throughput is calculated for
both the fixed and mobile nodes. Throughput is Wated using the ratio between the total humbethef
transmitted bytes to the total transmission time.

Thl’OUghpUt _Number of bytes received (2)

Total transmission time

In the fig. 7 the throughput of the fixed node a&culated. The throughput obtained for the fixediao
transmission at 24ms time period.

e Throughput for the existing system - 400 Kb/s

»  Throughput for the proposed system - 750 Kb/s
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Fig. 7: Throughput analysis

Table 1: Comparison for throughput
Node status Throughput Data 103(Kb/s)
Fixed Nodes (Existing)

400

Mobile Nodes (Proposed)

750

Table 1 represents the comparison made between therexiatid the proposed system. he proposed
system, the througiut is improved because of the introduction ofgthebability distribution syster

« Data Drop Count Analysis

Data drop count is defined as the ratio betweemtimaber of bytes sent to the destination to nunaib
bytes received at thaestination while transmissic

Number of bytes sent (3)

Data drop=

Number of bytes received

The data drop is calculated at the end of 24ms.dEta drop is calculated between the data droand
time (ms). The data drop is calculated by congidethe data about the transmission which is storede back
end of the simulator. This can be calculated uttiegrace file

The trace file can be linked to the tcl file by msa@f an awk fileln the awk file the drop messages wh
consist of both the data and acknowledgement dm@palculated togeths

About
.1
existingdrop.dat

£,0000 roposeddrap.dat

5., 5000

5..0000

4.5000

4.,0000

3.,5000

3.0000

2,5000.
2.0000

1.,5000 /
10000 /

0,5000.

0.,0000

o annn & nonn 10 anan 15 Anon 20 anon 26 Anon TEm=)

Fig. 8: Data drop count analysis

Fig. 8 represents the data drop count during transmis3ibe.data drop count is calculated between
drop (bytes/s) and time (ms).
Data drop count for:
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« The fixed nodes the data drop countx 103(bytes/s)
« The mobile node using probability distribution orithm is 5¢< 103(bytes/s)

Table 2: Comparison for data drop count

Node status

Drop countx 103(bytes/s)

Fixed Nodes (Existing)

6

Mobile Nodes (Proposed)

5

Table 2 represents the comparison made between the dapacdunt of the existing and tlproposed
system. In the proposed system, the data dropdacesl because of the introduction of the probat
distribution system.

* BER Analysis

In a digital transmission, the number of bit erra@she number of received bits of data stream @&
comnunication channel that have been altered due &enoiterference, distortion or bit synchronizatorors.
The BER is the number of bit errors per unit ti

The number of bit errors
BER= (4)

Total number of transferred bits during a studied interval
The BER is calculated at the end of 24ms. The B&Ralculated between the errored bit (dB) and -
(ms). Fig.9represents the BER during transmission. The BEE&ulisulated between data drop (dB) and t
(ms).
BER for:

» The fixed nodes BER i85 x 1073 (dB)
«  The mobile node using probability distribution aitjum is 165 x 10~3 (dB)

0.0000 5.0000 10,0000 15,0000 20,0000 25,0000 1M

Fig. 9: BER analysis

Table 3 represents the comparison made betweeBEReof the existing and the proposed system. Ir
proposed systenthe BER is reduced because of the introductiom@frobability distribution syste

Table 3: Comparison for BER

Node status Bit Error Rate (BERX 1073 (bps)
Fixed Nodes (Existing) 185
Mobile Nodes (Proposed) 165

Conclusion:

In the proposed systedifferent set of frequencies are used so that thmber of users can be improv
under each network. Interference cancelation idpnthe secondary network by learning tehavior of the
primary network The cancelation of the interference improvee successful transmission. Using probab
distribution algorithm the spectrum access shatimgmproved. Throughput in the proposed syster
maximized when compared to the existing system. BEfRduced during the transmission. Data drop c®
also reduced as calculated.

Thus, the proposed cognitive radio network schesnbighly efficient as the secondary network u:
achieve transparent coexistence of the primary ords In real time,distributed system will add additior
complexity on infomation update and algorithm execut
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