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ABSTRACT

Cognitive radios (CRs) are regarded as a promssihigtion for alleviating this spectrum underutitioa problem
by enabling unlicensed users. In traditional ad hetworks, broadcasts are conducted on a commamehawhich is
shared by all nodes in the network. However, innitbge radio ad-hoc networks, unlicensed users robgerve
heterogeneous spectrum availability, which is umkmdo other unlicensed users before the contrarinktion was
broadcast. In this project, a Quality-of-serviceo8)-based broadcast protocol under Blind Infornrmafar multi-hop CR
ad hoc networks, i.e., G is proposed with the aim of having a high susceaste and short broadcast delay. In
enhancement work a technique was proposed to maédmless communication in most of the environpmrnth as
communication can be done with and without infiactre and we have enhanced our base work withnibbi

transmitter to get channel information in blind eamment.
KEYWORDS: Cognitive Radio (CR), MIMO, Multi Transmitter, Chael Selection
INTRODUCTION

Wireless spectrum is currently regulated by govemntal agencies and is assigned to license holdessruices
on a long-term basis over vast geographical regiBrgonential growth of user demands on a singtevemence platform
has brought researchers to explore various asfesitsles of Fourth Generation (4G) Mobile Commutidca System.
Selection of application as per the user preferéased on QoS (Quality of Service) is one salieature of 4G. The new
area of research foresees the development of éagnitdio networks to further improve spectrumaéicy. Our ultimate
aim is to enhance the spectrum utilization by engbéecondary users to exploit the spectrum in@grodunistic manner
with budget Constraints. From the view of the CRrashave addressed how the CR users optimallylditgrtheir traffic
demands over the spectrum bands to reduce théoriskonetary loss, when there is more than one euqued licensed
band. This confronts those mechanisms with sevenitital problems when they are deployed in mutiphCRNs.
Nowadays more and more people, families, and corapaaly on wireless services for their daily ified business, which
leads to a booming growth of various wireless nekwoand a dramatic increase in the demand for ragectrum.
Cognitive radio technology opens the licensed spattands for opportunistic usage. We investighgepath selection
problem in multi-hop cognitive radio network. Wergduce a new service provider, called secondamyicgeprovider, to
help CR sessions to select the paths for packétedgl Considering the price of bands and the p@kneturning of

primary services at different CR links, the SSPchases the licensed spectrum and jointly condlmis outing and link
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scheduling under the budget constraints.
SISO and MIMO Channel Capacities

In wireless system design, the most important fratinderstand and design is the wireless chanhd.time
varying random filter which affects the capacitydauccessful transmission of information. In ideahditions, Shannon
capacity of SISO channel depends upon availablewiaith (B), transmit power (P) and interferencenirooise (N). In
order to achieve maximum SISO capacity or SISO wbknve have to increase the B or P or reduce diserdevel (N). In

practical systems we have limitations on B andPfixed available spectrum and power constraint.
Cognitive Radio

Cognitive Radio (CR) is one of the new long-ternvalepments taking place and radio receiver andoradi
communications technology. After the Software DefinRadio (SDR), which is slowly becoming more ofeality,
cognitive radio (CR) and cognitive radio technologiyl be the next major step forward enabling meféctive radio
communications systems to be developed. Thereilebly Ito be a variety of different views of whatagtly what a
cognitive radio may be. Accordingly a definition @fcognitive radio may be of use in a number ofainses. A cognitive
radio may be defined as a radio that is aware sokitvironment and the internal state and with kedgé of these
elements and any stored pre-defined objectivesnsake and implement decisions about its behaviogdneral the
cognitive radio may be expected to look at parareetach as channel occupancy, free channels, geed/data to be
transmitted and the modulation types that may le€l.ui$ must also look at the regulatory requirerselt some instances
knowledge of geography and this may alter whata/rhe allowed to do. In some instances it may loessary to use
software defined radio, so that it can reconfigisself to meet the optimal transmission technoldgy a given set of

parameters. Accordingly Cognitive radio technolagy software defined radio are often tightly linked

Noise factor in wireless communication depends upany factors including fading, shadowing, mobitifyuser
and environment both. Hence we have a limited es®lcapacity. Higher spectral capacity and herfagegicy can be
achieved by using multiple antennas at transmétet receiver. it was shown that capacity incredisesrly with the
increase of number of antennas. Using mimo syspamgllel transmit streams of single user or mudtipsers can be sent
and received. Hence using these parallel sub-clameey high capacity can be achieved. It is thémansystems which

will make giga-bit wireless systems ease of use
SISO and MIMO Channel Capacities

In wireless system design, the most important fratinderstand and design is the wireless chanh@.time
varying random filter which affects the capacitylaauccessful transmission of information. In thigcke we have studied
the characteristics of SISO and MIMO wireless cl@snin ideal conditions, Shannon capacity of Sk$@nnel depends
upon available bandwidth (B), transmit power (Pyl amerference from noise (N). In order to achiewaximum SISO
capacity for SISO channel, we have to increaseBtle P or reduce the noise level (N). In practisgdtems we have
limitations on B and P i.e. fixed available spentrand power constraint. Noise factor in wirelessicmnication depends
upon many factors including fading, shadowing, rigbof user and environment both. Hence we haliendged wireless
capacity. Higher spectral capacity and hence efiicy can be achieved by using multiple antennasaasmitter and

receiver. It was shown that capacity increasesatigewith the increase of number of antennas. UdiiylO system,
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parallel transmit streams of single user or mudtipsers can be sent and received. Hence usingphesiel sub-channels

very high capacity can be achieved. It is then MIB{@tems which will make giga-bit wireless systems.

Let's consider a typical communication system whadnsists of a transmitter, channel and receivée T
mathematical model of this communication system lsarshown by using the notations: r = g *s + v ehdris the
received signal. At each point in time, this isrardimensional (no. of receive antennas) signals ghe matrix channel
impulse response. This matrix has nt columns an@ws. The notation ht is used for the normalizexf of gt. st is the
nt-dimensional transmitted signal. vt is the compite-dimensional AWGN. For the simplicity we havenitted the

subscript t and in this case of SISO channel we lmawv nr = 1. The” *” here means convolution.

This is time discrete system model where noiseasvd from a Gaussian distribution of zero mean \aaihnce
N. If the noise variance is zero then the receigeeives the transmitted symbol perfectly. If tioésa variance is non-zero
and there is no constraint on the input, we carosband infinite subset of inputs arbitrarily faagt, so that they are
distinguishable at the output with arbitrarily shpabbability of error. Such a scheme has an itdicapacity as well. Thus
if the noise variance is zero or the input is urst@ined, the capacity of the channel is infirlie derive the SISO channel

capacity we consider information theoretic point/igfw.
MIMO System Architecture

In practice, a MIMO transceiver can operate in H-thaplex manner and the transmitter and receiaeFigure
1.1. Actually stand for the MIMO transceiver inrsmit and receive mode respectively. A MIMO trainseecan allow
more passive antennas than RF chains and empl@nrantselection techniques to determine the optsubket of
antennas, i.e., which four out of the six in Figugach pair of transmit antenna and receive antéammas a sub-channel

between two ends, and the MIMO link is composethe$e sub-channels.

- RF chain 1 -
Shared RF ¥ RF chain2 | Shared RF

processing RF chain3 RF chain 3 | [processing
RF chain4 RF chain4

Transmitter MIMO channel characterized Receiver

by channel matrix H

Figure 2.1: MIMO Channel Model

The MIMO channel can be characterized by an Nr Xdthplex matrix H, as illustrated in Fig. 1. Themher of

active antennas in the receiver and transmittedaneted as Nr and Nt respectively. jJ

. K(t) 1
H(t) = [z Hios(® + e Hios(©).

In the model H_LOS (t) and H_NLOS (t) denote timeidf sight (LOS) component and non-line-of-sighitQS)

component of the channel, respectively. The elesneantH_NLOS (t) are independent normalized compagularly

(1.1)

symmetric Gaussian random variables. The elemenis NLOS are all one multiplied by a phase sHfftwhere @ is a
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random variable uniformly distributed within [&]2 In addition K (t) is the Rican factor that indies the propagation
condition of the channel, i.e., how dominant is &S component compared to the NLOS component. 8yirng K (t),

the model can fit channels with various fadingrilisttions.

For example, K= 0 models ideal Rayleigh fading &ad o models ideal Rican fading. The change of both
H_LOS (t) and H_NLOS (t) and K (t) can yield chahveriation.

It is important to highlight that the above modaktbeen normalized to the path loss of each submehan other
words, given a fixed distance between the tranemiind receiver, the channel fluctuation due tollsssale node
movement can be modelled as above. To eliminategauityy we refer the change of H_LOS (t) and H_NL@®Sand K (t)

as small-scale fading, and the change of pathdssarge-scale fading.

In a Random Matrix, two Dimensional points are 4wuected (or 4-neighbors) if the difference in ofi¢heir
coordinates (x or y) is 0 while in the other. Tlmmectivity can be defined in a recursive way:ddge point p, g, and r, p
is connected to q if p is 4-connected to g, or pl-sonnected to r and r is connected to q. 16-ottiviy and m-

connectivity are similarly defined.

The algorithm can be regarded as a simulationlobtfing of connected canal systems (connected Yiseence

the name of our algorithm. The assumptions include:
» We have unlimited water supply at the starting pf@ase Station);
« Water flows at a constant speed in all directions;
«  Water front will stop only at a dead-end, or abinpwhere all possible directions have been filled

As water fills the Users of Corner Place (edgespdrtant statistics are recorded such as maximilimgfitime;
the number of points where the water front forksl he maximum accumulated fork numbers, and vartastograms

etc.

The WF algorithm for 4-connectivity can be desdiilzes follows (for simplicity, when we say “4-neighb” we

mean the edge pixels (Users of Corner Place) teat-aeighbors of the current pixel, since we atdgl with edges):

e Initialization: mark all edge pixels as “unfilledWater Fronts={ }, Max Filling Time= 1, Max Fork @ot =1,

Max Water Amount=0
» for every “unfilled” edge pixel (Users of Cornetaeé)p in the edge map:
* Mark it as “filled”, Filling Time=1, Fork Count=MVater Amount=1, Water Fronts p} and

» For every pixel (Users of Corner Plaagnot marked as “dead-end” in the set Water Frolfits; hasm
“unfilled” 4-neighbors (m>0), put them into Water Fronts and mark them asetfil] Filling Time++, Fork

Count +=m— 1, Water Amount +m; and remove from Water Fronts; Else, mackas “dead-end”.

e According to the current values in Filling Time,rkcCount, and Water Amount: Update Max Filling Time
Max Fork Count, and Max Water Amount. Update Fglifime Histogram, Fork Count Histogram, and Water

Amount Histogram.
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We consider a frequency-flat MIMO channel to cadtelits capacity. The capacity is the upper boumdhe
error-free data rate allowed by the MIMO channdie Tmodel clearly indicates that capacity C depesdoth the
channel and the communication parameters. ThaP_ig X, N_t and N_r are dependent on the configunatb the
transmitter and receiver is dependent on the receihile is determined by the channel. Highergrai power P_TX or
more active antennas, i.e. larger N_t and N_r,inarease the channel capacity C, regardless ofddveier, both ways
will meanwhile increase power consumption of trensceiver. A key observation that motivated thiskwie that under
some particular circumstances more antennas céh lifiee improvement to the channel capacity, evghen the channel
has a large Rican factor K so that the sub-chararel$iighly correlated. Under these circumstancesy not be energy
efficient to employ a large number of active antsin

EQUATIONS
Optinuzing one end
Optimizing both ends
Transiniter optimization Recetver optimization
Case 1 Case? Case3
Energy per bit of both ends . . )
By = Puwo/R = Ey(Pry Mo Ne) | By = Puwo/R = By(Pry ) By = Puo/R = Ey(Np)
i Transtut energy Case 4 Cse § Case
1ergy ; s ' ,
per bl( of e Ey = Prranmia/R = Ey(Pro Vo) | By = Prranmie/R = Ey(Pry o) By = Prronni /R = Ep ()
Recetve energy Case 7 Cose Cuse 9
one end o o ' y
perbit By = Prouve/R = Ep(Pro Ve ) | b = Phcuive/R = EylPry ) By = Procene/ R = Ey(1p)
Figure 2.2: MIMO Channel Capacity
Modules

We have divided our proposed system into small nesdT here are the modules given below.
* Network Design
e Timer setting
e Channel info message generation
» Design listening state
e Design transmission state
Network Design

We have designed a cognitive radio network withdbeondary user model. And we made the assumpiithn w
PU availability. In real time the secondary useas scan the PU availability and as well as chamsabge. We have
considered the SU already collected the neighboa¥ilability and neighbor channel occupancy. Téeosdary user has
the channel table in that it can store the detisut channel sets. Secondary users can make caoatiom to other
device like Ad hoc network. From the introductiod onew technologies such as IEEE 802.11the commnercia

implementation of ad hoc network becomes possie of the good features of such networks is tielfllity and can
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be deployed very easily. Thus it is suitable fa& #mergency situation. But on the other side @l$® very difficult to

handle the operation of ad hoc networks. Each imdesponsible to handle its operation indepengehtipology changes
are very frequent and thus there will be need oéffinient routing protocol, whose constructiommicomplex task. TCP
performances are also very poor in mobile ad hdevorl. In coming sections we are discussing the WziPking

mechanism and challenges for TCP in ad hoc netwiarksore detail. A wireless mesh network can benseea special
type of wireless ad-hoc network. A wireless mesfwoek often has a more planned configuration, aag e deployed to
provide dynamic and cost effective connectivity oaecertain geographic area. An ad-hoc networkhenother hand, is
formed ad hoc when wireless devices come withinraanication range of each other. The mesh routegsbmeamobile,

and be moved according to specific demands arisirthe network. Often the mesh routers are nottdichin terms of
resources compared to other nodes in the netwatktars can be exploited to perform more resourEnsgive functions.
In this way, the wireless mesh network differs fram ad-hoc network, since these nodes are oftestreamed by

resources.
Routing Protocols

DSR includes source routes in packet headers. ®Reguérge headers can sometimes degrade perfoenanc
particularly when data contents of a packet ardis&@DV attempts to improve on DSR by maintainirauting tables at
the nodes, so that data packets do not have taioomutes. AODV retains the desirable feature 8RDthat routes are
maintained only between nodes which need to comratmi Route Requests (RREQ) are forwarded in a enaimilar to
DSR. When a node re-broadcasts a Route Requestsitup a reverse path pointing towards the sod@BY assumes
symmetric (bi-directional) links. When the intendéelstination receives a Route Request, it repljesdmnding a Route
Reply (RREP).Route Reply travels along the reverath set-up when Route Request is forwarded. RBaiguest
(RREQ) includes the last known sequence numbeth#odestination. An intermediate nhode may also seRdute Reply
(RREP) provided that it knows a more recent padntthe one previously known to sender. Intermediatges that
forward the RREP, also record the next hop to dastin. A routing table entry maintaining a reveps¢h is purged after a
timeout interval. A routing table entry maintainirgforward path is purged if not used for an actreete_timeout
interval. A neighbor of node X is considered actfee a routing table entry if the neighbor sent aclet within
active_route_timeout interval which was forwardegsing that entry. Neighboring nodes periodically rexmge hello
message. When the next hop link in a routing tanlry breaks, all active neighbors are informedkLiailures are
propagated by means of Route Error (RERR) messadsh also update destination sequence numbersnWade X is
unable to forward packet P (from node S to nodemlink (X,Y), it generates a RERR message. Nodackements the
destination sequence number for D cached at nodd&incremented sequence numies included in the RERR. When
node S receives the RERR, it initiates a new rdigeovery for D using destination sequence numbkyaat as large as N
.When node D receives the route request with dastim sequence number N, node D will set its secgierumber to N,
unless it is already larger than Routes need not be included in packet headersedNowintain routing tables containing
entries only for routes that are in active usenfdst one next-hop per destination maintained ah emde-DSR may
maintain several routes for a single destinati@gugnce numbers are used to avoid old/broken rdbésgience numbers

prevent formation of routing loops. Unused routegie even if topology does not change.
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A. Represents a node that has received RREQ for Poim S.

Broadcast transmission

ITTTTIT

B. Represents Transmission of RREQ.
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C. Represents links on reverse path

Figure 3.1: Route Discovery in AODV

Node C receives RREQ from G and H, but does natdad it again, because node C has already forwarded
RREQ once.

Node D does not forward RREQ, because Node D isiteaded target of RREQ.

Figure 3.2: Reverse Path Set-Up in AODV
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Forward links are Set-Up when RREP travels aloegdverse path.

V™

D. Represents a link broken on the forward path
Figure 3.3: Forward Path Set-Up in AODV

The Timer

The enhancement solution which helps to find trenckel availability. In that, node has the timerjolhhgenerate

the time period. Once the timer is got expired tthendevice will trigger the channel availabilityessage sharing.
Design Listening State

The secondary users are not having any specifiorgido make communication; the secondary usersree
communication based on the free channel which isused by the primary users. So the SU has tanlistehe different
channels to get the primary user availability andneell the neighbor secondary user availabilitye Tistening stage is
based on the timer. The secondary users are usértiner to keep the channel usage time period s€bendary users has
to listen the all the channels, so the SU will tlee each channel for small duration. And each timegod the SU will
switch to next channel. Spectrum sensing is angia®ally important task in a cognitive radio systelhe transmissions
of licensed users have to be reliably detectedsTpectrum sensing is the first step towards agapansmission in free
spectral bands. Without causing any interferencthéoprimary user, the secondary system has t@éetrsim aware to
exploit the available spectrum efficiently. There aertainly a number of approaches that can be taseheck whether the
primary user signal is present or not, but the anlyonomous and flexible approach is based on memsmts of the
actual occupancy in given location and time. Speatsensing could add robustness and responsivemebhanges in the
environment because it provides real-time feedb@bkrefore, we argue that spectrum sensing shauktbbsidered as an
important part of any cognitive radios system. \lése systems today are characterized by wastedtit stpectrum
allocations, fixed radio functions, and limited wetk coordination. Some systems in unlicensed bdi® achieved
great spectrum efficiency but are faced with amgasing interference that limits network capacitd acalability. When
the ultimate cognitive radio is considered, it isn®@re general term that involves obtaining the spet usage
characteristics across multiple dimensions sudimas space, frequency, and code. However, thigires) more powerful

signal analysis technique because of the additicoatputational complexity. Even though there arenynkinds of
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primary user systems, the cognitive radio’s knogtedf their characteristics and requirements f@rfarence protection
can be abstracted by a few generally applicablarpeters. Three critical requirements for sensidgprare the detection
time and the detection probability and the minimdetectable signal level. The required detectioretand probability of
detection are set by the primary user toleranceQd8 degradation. While these are two conflictiaguirements, the
cognitive radio system goal is to minimize detetttome in order to increase the time available e the channel. In
spectrum sensing many techniques exist to detecptimary user, two of the most practical techngjbeing energy
detection and match filter detection. Spectrum isgns still in its early stages of developmentn@mber of different
methods are proposed for identifying the preserfcéh® signal transmission. In some approaches,ackenistics of
identified transmissions are detected in orderettide the signal transmission and identify the aigype. In this paper we
propose new approaches for spectrum sensing. Téteafiproach is investigated by using real codeesto detect the
primary user in match filter status when the codéu® is known to the secondary user. For the seeppdoach, we
propose a new scheme for energy detection deperoding fixed number of verifications. We can seerafising this
scheme that we improve the probability of detectod improve the detection time. Then we explaengarformance for

each approach.
The remainder of this paper is divided as follows:
* We provide an overview of spectrum sensing.
»  We formulate the new approach for spectrum sersjngsing code values in the match filter.
e We describe the conventional energy detection.

The new structure for energy detection by usingialrer of verifications to improve spectrum sensivg. plot
all the simulations and describe the performanceach scheme. We conclude with our main resultasider two (active)
secondary user pairs who are non-mobile and amplInkighbors (i.e., no hidden terminal). Due tordwedom nature of
multi-path propagation, the channel gains of thailaklle channels for secondary user pair 1 aresfidgudifferent from
that for secondary user pair 2. As such, it is vemnlikely for the two secondary user pairs to h#we same channel
sensing sequence if the channels are sensed atgdodhe descending order of their achievablesrddere, it is proposed
that each secondary user pair senses and acchsseblannels based on its own channel sensing diddrout any
coordination between the secondary user pairs, e is still possible that a particular chanisetensed free by these
two secondary user pairs simultaneously, therebgitgy to packet collisions. To avoid collisions,ecapproach is to
exhaust all the possible combinations of their isgnsequences and find the combination that canimiza the total
reward/throughput performance. This approach isoubtedly computationally expensive, and the contjral cost
increases exponentially with the number of secondaer pairs. Such an exhaustive search also esgjlie knowledge of
0 sk’s. Therefore, instead of devising optimal segssequences, we study the probability of transamssollision with
respect to and investigate the reward performaf@uoproposed simple channel exploitation apprdachwo or more
secondary user pairs. To derive this probabilitgafision, for simplicity, we assume that the chahsensing sequences

are independent and equally likely, and the chanaued randomly placed in a channel sensing sequence
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SIMULATION RESULTS

We run the tcl program by using the base netwarlukitor version 2. We have called the basic netwariulator
version 2 inside the MATLAB. And we have stored th&put in some temporary files. Then we have risdfile in
MATLAB to generate the graph.

n i
DsAé L RaNs € 0880

it Yew fosen Tools Deshiop Wiodow Help

fle g
DeEa k @aqNe w 0880

Figure 4.2: Average Delay Time at Different Samplesn MIMO

CONCLUSIONS

Cognitive radios (CRs) are regarded as a promsihgtion for alleviating this spectrum underutitioa problem
by enabling unlicensed users. In traditional ad hetworks, broadcasts are conducted on a commamehawhich is
shared by all nodes in the network. However, innitbge radio ad hoc networks, unlicensed users robgerve
heterogeneous spectrum availability, which is umkmdo other unlicensed users before the contrarinition was
broadcast. In this paper, multi transmitter baseshdicast protocol under Blind Information for miiop CR ad hoc
networks proposed and we have achieved a high ssicate and short broadcast delay compare thatingxigork. And in
our enhancement work we proposed a technique tde@eamless communication in most of the enviminsuch as

1) communication can't be done without infrastruetl2) communication can be done without infragtmec And we have
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enhanced our base work with the multi transmittegdt channel information in blind environment.\#® have got a good
results such as stable success rate and less delay.

In our enhancement work we have proposed multstratter technique to check the channel availabditgd data
transmission. Due the periodic update, little oeexh is increased. So in our future work we will @amtrate on the

overhead reduction.
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