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Abstract- Cognitive radio is a technology used to imprasgectrum utilization by allowing temporary access
of unutilized licensed spectrum of primary user (PU) to the sdapnuser(SU). When the PU appears at the
same channel occupied by a SU, the SU has to véeatehannel and find the new channelrasume its
transmission. This process of changing a channebthing but a spectrum handoff. Spectrum handadhis of
the main challenges in cognitive radio network. In thégper wepropose a spectrum handoff based on efficient
spectrum sensing and proper handoff decision. Tapgsed system mainly focuses on the optimized ¢fand
delay. The proposed systemses energy detection method for spectrum sengidgfuzzy logic and neural
network for proper handoff decision.

Index Terms-Cognitive radio (CR), Threshold, Sampled frequerfesise alarm probability, Detection
probability, Modulation type, FLC, ANN,WRAN 802.22

1. INTRODUCTION

Radio frequency spectrum needs to be shared bgers such as wireless microphones [7]. The
various upcoming radio services efficiently, IEEE802.22 WRAN cell radius is typically from 17 to
optimally and economically. Despite the spectrun33 km from a base station (may extend upto100 km)
scarcity, most of thespectrum is underutilized at a
given location. It has been observed that many TV @Wmm
channels remain unused over significant geographica . e
areas.Various spectrum sensing methods are
available. The energy detection method is one ef th
methods available for fast sensing. The
implementation of this method is also simple.
However, its sensing accuracy depends on selection L d whaN B
threshold level [1][2][3]. Cognitive radio is an (ﬁ%\
intelligent wireless communication system which
adaptively reconfigures itself to maximize resource
utilization [5]. IEEE 1900 is a standard initiateg Figure 1 : Scenario IEEE 802.22

IEEE for the CR networks [6]The IEEE 802.22 ]
Wireless Regional Area Network (WRAN) Working [5]- The BS can serve up to 255 customer premises
Group is developing a point to multipoint fixedeguipment (CPE). The BS uses sectorized or omni-
wireless access network standard intended to aperélirectional antennas. The CPE’s are using outdoor
worldwide in the unused segments of the terrestridlirectional antennas placed at 10 m above ground
TV broadcast bands [4]. Figure 1 shows applicatioﬁ‘vel with 14 dB of front to back lobe suppression.
Scenario of standard 802.22. 802.22 is a new 802'¢ BS as well as CPE sense the spectrum for three
LAN/MAN standards which aims atonstructing Primary users, analog television, digital televisio
WRAN utilizing white spaces(channels that are ncnd licensed low-power auxiliary devices such as
already used) in the allocated TV frequency spectru Wireless microphones [4The probability of detection
The use of the spectrum will be used in aqnd thg probablhty. of false alarm is 0.9 and 0.1
opportunistic way in order not interfere with any T respectively for allsignal types. o

channel that is transmitting [4]. 802.22 WRAN  SU uses these white spaces, at this time
standard also supports a spectrum sensing mechanifierity is given to PU. So detection of PU is riath

to detect the possible presence of incumbent usdtdt spectrum sensing. If detection is not propenth
such as analog TV, Digital TV, low power licensed unnecessary handoff is required it is wastagenoé ti
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and power. The rest of the paper is organized as  satisfactory, the secondary user has to initiate a

follows. Section2, explains related work. Secti@y ~ spectrum handoff to quickly vacate the channesit i

. . occupying. The proposal in this paper is a fuzzyeloa
explains proposed system and secipexplains approach able to make effective spectrum handoff

about results. Sectidhconcludes the paper decisions in a context characterized by uncertain,
incomplete and heterogeneous information. This
2 RELATED WORK paper we proposea fuzzy logic based spectrum

handoff algorithm, which can be implemented in a

This paper (8) analyzes the energy detector that igcentralized way, so that SUs can autonomously and
commonly used to detect the presence of unknowdyomatically make the decision to change its
information-bearing signals. The algorithm simplygequency channel. It worth noting that an addision
compares the energy (or power) in a sliding windowqyantage of the proposed approach is its real time
to a threshc_)ld. The anaIyS|_s aIIo_ws for arb'”"’_‘rl(:apability, which has been proven many times in
spectra of information bearing signal and noiSg actical applications in the framework of fuzzy
processes. It yields two equations that relate fivgypirgl.

variables/parameters: the probability of falsggner [11] gives, the randomness of the appearince
detection, the probability of missing a detectionjcensed users, disruptions to both licensed and

window length, detection threshold, and signal tQpjicensed communications are often difficult to
noise ratio (SNR). The probability density functioh prevent, which may lead to low throughput of both
the detection variable is shown to be approximatelyransed and unlicensed communications. In  this
Gamma distributed. All of the theoretical expreasio paper, a proactive spectrum handoff framework for
and approximations are substantiated with simulatiocr a4 hoc networks, Prospects, is proposed to ssldre
results.  This paper develops two equationgese concers. In the proposed framework, Channel-
(approximations) that relate two performancesiiching (CW) policies and a proactive spectrum
measures to three design parameters. That is, theynqoff protocol is proposed to let unlicensed siser
relate the probability of false detection and thgacate a channel before a licensed user utilizés it
probability of missing detection to window length,ay6iq unwanted interference. Network coordination
detection threshold, and signal-to-noise ratio (BNRgchemes for unlicensed users are also incorporated

While the approximations developed are not exaciyq the spectrum handoff protocol design. Morepver
they are very useful in determining the window N9 5 gjstributed channel selection scheme to eliminate

and the decision threshold. , collisions among unlicensed users in a multiuser
Paper (9) gives performance of collaborative spettr spectrum handoff scenario is proposed.

sensing using censored energy detection is analyzed gg \ye propose a system for spectrum sensing i
Unlike the conventional energy detector that aﬁp“ecognitive radio using frequency method. Proposed
the measurements from the interested band dirextly system will use energy detection method for detecti
the decision-making process, the censored energy signals. It is independent of modulation used fo

detector selects the measurements at differephnsmission of signal, phase or any other paramete
collaborating users by comparing them with two preg,;,y |ogic and neural network is used for handoff
determined limits before applying them toyecision

collaborative spectrum sensing. Both soft decisio propOSED SYSTEM MODEL

and hard decision .rule_s are corjsidered. Us_ing t% Efficient Spectrum Sensing:

Neyman-Pearson criterion, analytical expressions fg-pe energy detection principle measures the energy
the probability of detection are derived and arggcejved in a primary band during an observation
verified by simulation. A simplified censored energ jperval (ts) and declares the current channek st
detector based on the Gamma approximation is alg@ physy hypothesis (H1). If the measured energy is
obtained. Using the derived results, it is showat th greater than a properly set predefined thresboldle

the censored energy detector outperforms thesthesis (HO) otherwise.BW is bandwidth of the
conventional energy detector when the optimungigna) Energy of signal compared with threshold; i

limits are used in the censoring. The performar®@e g gnergy of the signal greater than threshold thgnasi
depends on the decision rule, the operating sigRal- i present otherwise signal is absent. This deteds

noise ratio and the number of collaborating users. proper means detection probability should be
Paper (10) focuses on spectrum handoffs in @aximum. False detection of signal gives unnecgssar
cognitive radio ne_t\_/vork Wh.ere secondary (gnllcemseq]andoﬁ and wastage of time and power. So we have
users (i.e. cognitive radios) opportunistically usgopnosed a sensing confidence i.e. we have divided

frequency channels as long as the aggregalfesence of signal in terms of three category. @hes
interference caused at the primary (licensed) US€LSa | ow. Medium. and High.

does not exceed a certain threshold. When harmfgb Fuzzy Logic:
interference is caused to a primary user, or when tg;,y |ogic builds on traditional logic and extends
quality of service perceived by a secondary Usepis ragitional logic so that fuzzy logic can solve som
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long standing problems in traditional logic. Prable Figure 3:Hd=Y

in the real word quite often turn out to an elemat

uncertainty either in the parameters which defme t ¢ 1- SU prepares backup channel
problem or in which the problem occurs. Fuzziness * 2- SU predicts PU A arrival then pauses
means ‘vagueness’. Fuzzy set theory is an excellent transmission

mathematical tool to handle the uncertainty arising ¢ @ Handoff latency

due to vagueness. Fuzzy sets support a flexiblgesen ¢ 3-SU resumes transmission

of membership of elements to a set. Membershi) Handoff condition is ‘N’

function (x) is associated with a fuzzy set A such |—|
that the function maps every element of the unaers Cha&_ o

of discourse X to the interval [0,1]. Membership 2

functions are a useful and integral part of fuzzy

control systems. The membership function values channecle [0 )

time

need not always be described by discrete values. 1 5 Trme
Different shapes of membership function exist. Thejgyre 4: Hd=N
shapes could be triangular, trapezoidal, curved. e 1- SU starts transmission

e 2-SU completes transmission

* 3- PU starts transmission with channel B so
Fuzzy controllers are very simple conceptually. yrhe no need for handoff

consist of an input stage, a processing stage,aand 4 Simulation Results

output stage. The input stage maps sensor or other - SpectumHandofr

Fuzzy control

inpUtS, SUCh as SWitCheS, thumbWheeIS, and sooon, t — FLC Input Parameters———  — Neural Network Training
the appropriate membership functions and truth Parametes | MaxValue | MinVaue | | | [ Getpatoms |
values. The processing stage invokes each appr@pria ; ; ;”:Dps :u po
rule and generates a result for each, then comkiees 3 e $sd8m  -10dBm

results of the rules. Finally, the output stageveots Test

the combined result back into a specific contrdpati
value. The most common shape of membership
functions is triangular. We have considered tridagu 7
membership function for handoff decision. For 2
decision of handoff we have considered parameters, i
5

— Fuzzy Rules Handoff Decision : Y
Pl P2 P3 No Of Patterns 100

H H - Generate Random Patterns

T T T xT =
S
=

Presence of primary (P1), bit rate(P2) and received - ; poursey 1
signal strength (P3) of SU. So our fuzzy controller . — - Precison 1
will work as follows. Senstiy
Fandcff Decision ChannelAllocation  Figure 5: system GUI (graphical user interface)
B rigure 2 TR e
Pl ] : — N pl - — File Edit Wiews Insert Toals Desktop Window
) o Fuzzy Logic Fuzzylogic | = 1 [ 2 L=
Controller | ¥ Controller2 = = z

p3 — p2 — — | 3 L H H

i H X L
Figure 2: working two FLCs = - =

T ™ H H
We have defined 27 fuzzy rules for FLC1, as th 5 | c 2

output of FLC1 is ‘N’ there is no necessity for,:igure‘& Generated Fuz”zy Rules

handoff transmission of data transfer on the same

channel. If output of FLC1 is 'Y’ then handoff isEEE =igur= = pe—
required. Channel allocation is performed by FLC2.  Ft= &< Wiewwr  Inserk | To-s

Handoff Cases | T |
A) Handoff condition is 'Y’ | = i~
- T
Channcl A | SU | PU I time i g =L :
| ]
| = |
‘ | 20 |~
| | i
ChannelB time . .
I L su | [ PU | Figure 7: output of FLC1
1 2 a 3
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Figure 5, 6, 7 gives overall system GUI, FLC
generated rules, decision given by neural network
respectively.

5.CONCLUSION

[11] Yi Song, Student Member, IEEE, and Jiang Xie,
Senior Member, IEEE, “ProSpect. A Proactive
Spectrum Handoff Framework for Cognitive Radio
Ad Hoc Networks without

Common Control Channel”, IEEE TRANSACTIONS

In frequency domain analysis we get detection fabN MOBILE COMPUTING, VOL. 11, NO. 7, JULY
number of users as per threshold formula. We gep12

detection probability 98%. So properly selected P1
acts as a input to FLCl1.Unnecessary spectrum
handoffs are eliminated. Proactive handoff strategy
used, so handoff latency is low. All provisions @av
already made so no necessicity of times negotiation
authentication, key exchange. So handoff latency is
reduced.

Our future work will be implement this coding on a
cognitive bed.
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