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1 Abstract 
This presentation slides are provided as an interim report of the in-house project titled “Wideband 

Cooperative Spectrum Sensing”. The objective of this effort is to develop wideband cooperative spectrum 

sensing and signal detection techniques. (Slide 3) Two steps sensing are used to detect and exploit the signals 

of interest: Coarse sensing to determine the presence or absence of signals within scanned frequency bands; 

and fine sensing by exploiting the features of signals. (Slide 5) 
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2 Presentation Slides 

The presentation slides provided in the next pages summarize the work performed in this 

in-house project during the FY-12. 
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DoD Spect m Dependence 

DoD use spectrum to 
provide capabilit ies 

DoD Sp_ectru m Depen deTI ce 

-Co,mmunication 

-Tel~emetry 

-Surv~eillance, 

-Radio location 

-Radio nav igation 

-RDT&E 



 

4 
 

 

Program Objective 

• To achieve effective spectra I awareness 

- Sensing method ~capable of making cooperative decisions 
ove-r mult iple frequency' bands is essential 

Many ~conventi ona l spectrum sensing methods 

• Eirth ~er sing lle-dJI ,ann ~el or non-roopera.Uve signa~ detection 

• Vutnera_bJe to no~s~ unoertatnty, fad i:ng ~ and shadov.ring 

• Objective: devel op wideband ~cooperative spectrum sensing and 
signal detection techniques 

Spatia I d iversity: mult i -Sensors j oint decision 

Spectra I diversity: mult i ..~channel d et~e cti on 

Effective spectral awareness 
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Approac · 

• Cooper~atirve ~en sing: sing le sensor to 
m u [Jt[pte sen S-<trs 

• Wrdeband sensing:' s[nDte-dhanne1 to 
m u rrtil-rchan n e~ 

• Tv.t~o st1eps, sen s[n g to detect and eX]pfont 
th~e signa ls of' [nter1est {SO~~ 

Coarse sensing (stgna~ detectinn~: 
determine the p11esen0eor absenCie of 
signans v.rnth ~n S!(';[Jnned fr1e~uency 

bands 

Hne sensing {fe~dure r1eoogn~tion}: 
exp1:0ntin g the fiea1u r1es of signa l~s 

Fi ne S-~Mi rtW 
Fe.a.tu:re 

reco. niti on 

ControJ cerwtB / 

S'pe.otrum ~e d.Me~ 
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Coa se Sensing/Sig - ~ al Detection 

• O~ject~ve: ~u&dkl¥ & r~el'fallJ!¥ determine tlle ex~stenoeof srgna~s, 1n mullt~pTe 
f 'l!equency bands by joint detection 

• Challenge: 

No plior tnformation abGut the ,signa~s~ IJ[i:ndJselll!ll~bTtn~d d~et~ectfon 

approach~es 

Speed: ~v.r oom putattona~ oom pTexHy to ach reve q;u &ck &en sing [lnv.r 
com pi exitty rea~~ s, to ress aoou rate sen s tn g rtes u Ill~ 

Aca.racy: mu[JtfJ-sensorslantennas rooperat~ve sensing to improve the 
performanoe 

• Iv.nCIJ rmJtain tasks:: 

Deverop a v.rrdeband bl1ndJselll!llii-bnnd sensing lll!llethod that has the 
right b:al:an ve betv.reen speed and avvu ~acy 

!Find optima~ coop-erati'on strategy to oomb1ne sensint r~esu[Jts from-~ 
m1ullti'pfe sensors 
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ecognition 

• Objectiv~e: exploit & estimat~e the teatur~es (i.e. bandwidth, 
center frequency, modulation type, ~etc.)~ of a signal 

- Fine sensing initiate only when signals been detected 
in the coarse sensing 

- Som~e infommation regarding the noise distribution or 
signal distribution may alr~eady been obtained 

- Known pieces of information can be passed on to fine 
sensing to assist w ith featur~es r~ecognition 

- Methods r~equir~e signal ,andlor noise information can 
be used 
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Sensi1ng Methods 

• Spectrum sensing & signal 
detection is not new 

• 1(ognit ive Rad io further stimulates 
its d ev~el opm,ent 

• Each method has different 
r~eq u ire me nts f:or i m pi em entation 

• 
1(omplex,ity and a~c~rar:y o~ 
sens1ng methods 1s 1ncreas1ng as 
the i nf:orm ati on lieq u i red for 
detection in ere asi n g 

1' 
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Cooperative Detection 

• ( onstra i nt of many r0onv~e ntion a I detection methods 

Non""oooperati~e signa~ detec1Jr()n tn slngre frequency band 

Sensing r1efrabiTiity degraded due to no~se an~ fadtng 

• Information ffiom multi pie sensors can be combined to obtain 
more accurate, decision 

D i stri tJ ute d Centralized 

share information Data feed: each node Decision feed: process 
among each oth er but send raw data. central data. send only th e 
make own decisions unit make decision decision to central unit 
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Cooperatio · Strategies 

• Each cooperation st~ategy has it own decision rule for 
signal delection 

Voting # ofv otes for detection ># ofvotes for no detection 

0 R 0 ut of N individual dec5io n. any one detected s ignal 

AND A ll sensing no des hav e to detect s ign a I 

Linear co mbin a tic n No rmalizedl w eight assign to lo ca I dedsio n a ceo rdin g to 
their SN R, glo tlal dec5io n reach by co mtlin e w eightedl 
local dec5io n 

~· 
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athematical ode I 

• The p1oblem of detection of the si\gna] can be model!ed. as a 
binary bypothesis testing problem: 

:lfo : Yi (n) = w.i(n) 

M. : Yi(n) = tCn) + wi(n) 

• The pedonnance of the detection allgorithm can be swmma~ized. 
\vttb 2 probabilities : probability of deteotion and probability of 
falSe a1arm: 

Pr = P (T > Yl3fo) Pt1 == Pr (T > r l1ft) 

La.r~ f'- !J alu:e lead 
to better c:Mn.c:e 0 



 

12 
 

 

Linear Cooperative Sensi g 

• lnd.illilinaJ sens>Or 

- Ca!clmfrates a swmm aljr statirStic over an mterva] of : - samples 

- Then sta1listic is sent to fusion c.enter 

• Fnsio:n ee:uter 

- Assigns a \Veight to each sensorr based on the smmmmy 
statistic rrec.eirvecl then combine them linea:r]y 

- The \veight forr a pm.1ic.lldar sensorr rr~rresents its conmbntion 
to the globaJ decision 

- Large \veight assl!gns to those senso1s :fuca\ e hlgh-SNR smWll 

weight forr sencStors Vlith low-SNR 

ill 
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MA TLAB Simulatio · 

Param.·e1e:rs: Primary use~ s signal s(k)=t ; # of samples: N 20; 

fued channel noise ariance ofOj ; # of cooperative sensors: M= ':' 3':' and 16 

M=1 M=3 M=6 

SNR (dB) 8.3 {1 0.4 , 9.3, 2.6} u.z 5.1 , 1 0.8, -1.2 , 3.6, 9.7} 

Sensing noise 
1.9 {0.7, 1.0, 0.9} {09., 1.3, 1.0, 20, 1.8, 1.2} 

Vari ance 

Result of optimal weights and P _ d ~r.:dues t:or a gil" en P _ f l"alue 

M=1 M=3 M=6 

{0.834 8 {0.4713; 0.2328 
Weight Vector 1 0.5165 0.6758; 0.0438 

0.1909} 0.1285; 0.4986} 

Pel (given pf-,0 .1 ) 0.4342 0.7408 0.8265 

Pd (given Pf=:~O . 6) 0.8463 0.9599 0.9803 

~· 
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Simulation Plot 

Proibab[ttity of d~etectrOiil vs ~ Probabi'rllly rof fallse ararmn 
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Wavelet- . ased Se sing 

Goal: 

• Investigate th~e potential of wavel ~et transform for 
w ideband cooperativ~e signal det~ection 

Motivation: 

• Extensive r~esearch on wav~elet an,alysis for im,ages 
and time, series 

• Only limited research has applied wav~elet approach 
to spectral detection 
- W ork by z_ Tian & G_B_ Giannakis: Edge detection [2] 

- W ork by y _ Hur~ & J _ Park: Mult i Reso lution [3] 

- No n...,c: o operat ive d ete c:t ion 
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Time-Frequency Analysis 

Fourier Transform vs . Wav eJet Transfu rm 

F 01.11 rfer Transform~ 

Processrng Sfgna~ Stationary Non-stationary 
Type 

Provfded lnJormatron Frequen cy Both ti me and 
fre quency 

Short liime Fourier ransform (STFT) vs . Wav elet ransform ('NT) 

f 
~ .. 

f 
~!j. 

J 
STFT Resolution 

--.--
'll!fT Resolution 

J 
-....-
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Wavelet Transform 

• Co~ntinuous Wavel ~et Transform ,cwn~ 

- The mother w~avelet function 'IJ[r) 

- The scale factor a 

• Discrele Wav~elet Tr~ansform [own 
- Decomposition by Filler Bank 

Level Frequen cies # Drf Coeffic ients A3 Level Fmer Bank 

0 to f,'i I 8 niB 
3 

f,'] I 8 tDI f.'] t ntB 

2 !,']I to f.'] 12 nl 

l ''""' ''""' 
_ X X X 

•1 f.'il 12 t o f,'] n/2 
DVI. Frequen cy tdomain repr esentat ion 
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ext Step 

• Linear Cooperativ~e Se,nsing 

- Extend to wideband detection 

• Wavel~el-based Sensing 

- Continue working on the simulation code to 
~nvestigate the effect~veness for wideband sensing 

- F ea si b ~ ~~ty for cooperative ser11si ng 

• Investigating other blind detection methods 

- E igenva~ue-based 

- Sub-space ana~sis 
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Prog am Schedule 

F¥11 FY12 FY13 

Project Phases ... ... 
1 Research - -
1 lUgorithm fur coarse S>enstng .il. .il. - -
1 .. ~gorithm fur me sensing Ji. - -
1 S~e D,ffi,-""elop:nent ... ... - -
1 Softv~e Test ... .... - -
1 Fmal Technic:aJ. R1...,_-ort , 
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List of Acronyms 

SOI Signals of Interest 

SNR Signal to Noise Ratio 

Pd Probability of Detection 

Pf Probability of False Alarm 

CWT Continuous Wavelet Transform 

DWT Discrete Wavelet Transform 
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