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53 Main Contributions
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% How to fuse local observations of cognitive radios at fusion centre to decide
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53 Motivation

e Spectrum Scarcity Problem
— Limited resource, overcrowded, future technologies need more
spectrum
e Spectrum Underutilisation Problem

— Studies by Ofcom and FCC show that at some locations 70% of the
spectrum sitting idle

Mmcrmum Aamipimad es

| Heavy Use e — Heavy Use
i
E
Sparse Use Wedium Use
.ni.,ﬁ ] I
7 e |
Fresquency { Milz)

Technologu Research Programme: Research and Development at Ofcom 2004/05, issued: 24 October 2005, p.37

UNIVERSITY OF

SDR 09 03Dec.2009 SDR 2009 - Washington slide 4 % SURREY

Technical Canference and Product Exposition



53 Cognitive Radio

Learning Awareness

“Cognitive radio is a paradigm for
wireless communication in which either a
network or a mobile node changes its
transmission or reception parameters to
communicate efficiently in licensed or
unlicensed band by avoiding interference
with licensed users”
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53 Why Cognitive Radio?

e Because Cognitive Radio:
— significantly increase spectrum efficiency

— optimise use of under utilised spectrum without (or with minimum)
interference to the primary users

— can access the large, normally hidden, spectral resource called, WHITE
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53 Spectrum Sensing

e Goal is to reliably detect Tran§mim~|ted
the presence of Primary Signa
(Licensed) User

\2

e Three main approaches:

RF
Stimuli

— Match Filter detection Primary User

— ‘Energy Detection Detection
— Cyclostationary Spectrum
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Optimal detector
Simple architecture
Easy to implement
Less complexity
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Collaborative Spectrum Sensing

e Local spectrum sensing limitations
— Hidden node problem

— Performance loss in fading and
shadowing

e Solution

— Collaborative or Cooperative
Spectrum Sensing

e Collaborative Spectrum Sensing

— Mechanism in which a number of
cognitive radios share their
sensing information with each
other

— Nodes send information to the
fusion centre which combines
local decision and make a global
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53 System Model

Primary User
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53 Problem definition

e Maximise global probability of detection at the fusion
centre, considering

— Two scenarios (users with same mean SNR and with different
mean SNR values)

— Noisy reporting channels with channel gains

e Global probability of detection can be defined as Qd =
Q(f(w)), where f(w) is given by

flw) = V Varlye /Ho]Q™'(Qy) + Elye/Ho] — Ely/H,] Problem
L Vv Var[y, /Hi]
Q HQ)VWT Aw — wT [diag(g)diag(e)’ L .
— —_— minimise  f{w)
vw!Bw ] ‘ o
where matrices A and B are defined as, st. |wiz=1 and w;>0vie{l,23,. M]

A = 2Ndiag?(g)diag?(o) + diag(d)
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53 Proposed weighted framework

Reporting Channels Fusion Centre
____________________ 1
|
|
|
| :
| I I [
- - | I | |
Yp I
tg !
! ll I Ye
| ! Fusion | 4 " o
| l| Rule |
| |I I
| | I
| 'l I
(e I
Um ' :yM |
CRw | I
| \
TR !
' gM Ny ' ' '

Technical Canference and Product Expostion

SR 09 03 Dec. 2009 SDR 2009 - Washington slide 11 .m %“ﬁ’ﬁ;‘aﬂ:%



53 Why genetic algorithms?

e Very useful for complex Start
and loosely defined . Gene*raﬁon
problems. o601 g ofintial
- Quickly can scan a vast o
solution set. Evaluate.
e Global optimisation Best solution oo
technique. T -
 Does not have to know any Selectthe eached 2 &
rules of the problem. ndhide suncen. 22
— It works by its own T ‘ o
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* Supports parallel Stop J
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53 Results and Discussions (1/4)
ROC curves for single CR, SNR = 5B
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53 Results and Discussions (2/4)

Effect of different SNR values (perfect reporting channels)
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53

Results and Discussions (3/4)

iImperfect reporting channel

Performance of proposed scheme with 6 users and
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53 Conclusion

e Collaborative spectrum sensing improves sensing
performance significantly

e Different SNR of users have significant effect on the
performance of collaborative spectrum sensing

e Proposed Genetic Algorithm based weighted
collaborative spectrum sensing improves sensing
performance in all cases

e Proposed scheme requires knowledge about SNR of each
user as well as channel conditions
— Larger reporting channel bandwidths are required
— Topic of our future research
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