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ABSTRACT

Utilization problem of the limited spectrum is the one of the most important issues in wireless communication
systems. Cognitive radio technique which is finding and utilizing frequency holes is also one of those techniques.
Specially, the spectrum sensing technique to detect the primary user signal is a core technology in cognitive
radio area. In this paper, we propose the spectrum sensing algorithm using Bussgang theorem. The proposed
algorithm calculates the statistical difference between the Gaussian noise and the primary user signal by applying
Bussgang theorem to the received signal. The algorithm is not affected by noise uncertainty and can detect the
primary user signal in the very low SNR environment. We evaluate the algorithm through computer simulations
with 12 ATSC A/74 DTV signal captures based on IEEE 802.22 WRAN and formulate the sensing threshold for

the proposed scheme.

I.M B 2B 5o A & =o] Qo) gt el ~dHE
Heo] AR &E&HoR AMET YA= YTk
g5 AR 71esE 2~ EYS o|n] 7]E A o]} =& FCC (federal communication commission)
¥ o] =t akEtal AAl skl rr)d)ell ofske] A=)
* Fakdjsly Az 7)gst) B4 2~E o4 (hss @pusan. ac kr), (scklm@pusan ackr) (°:AIA|2p
=T #KICS2009-06-238, A5UAF 120009 69 39, FHE=wAedz) - 20001 89 19Y
922

www.dbpia.co.kr



o BuxE FI qPE ~HERS] ARS-Eo] A
Zrolu} Aol webdd 15% 14 85%7HA] HWghth=
ApdS & = glefl ole] IEEEE 20041dell CR
(cognitive radio)[2]7]‘?l'94 WRAN (wireless regional
area network) =A| ¥ AAS- 9]l 802.22 WRAN
WG (working group)= A8},

WRAN A|zgle] 7]824¢] 7 wlA 7]E A}
42} (PU, primary user) A35 FE3ly, AFSE|
3 9JA = A (idle channel)S 237, o] A
= A 7 FAledl #83h Aol o] A
Al PU Az AES 97 29Ed] AW Ve
WRAN A|2=gle] 7pak 7] @de|mix] F23F 840]
th olFH% FoF A JIEs B A
WRAN WG-2 Sensing Tiger TeamS 743 3).2m,
olEX Ak A WHEe] A s A Al
7y A 55 aElste] Al WSS W7
Freck

Foll WRANe|| Aok AlAl 7]Helli= energy
131,

S

detection™ cyclostationary detection™, covariance

based detectionm, maximum minimum eigenvalue
detection[6], signature based detection!”! So] glo
W, Z4zke] mpHES MR o Ads 7R 9
t}. energy detection A1l tgh APH #|xje] o
2 oL westehs Aol alor), H-S SNRellA
AsE AE3A] ek w3k 7| Al ek E &
= W3l 5 oofe] 7] AR AR AR oluA|
F4 23 (noise uncertainty)”7} AA A5 &
= whEG®, cyclostationary detectione -2 SNR
A F=2 A s HolAut A AR5 olviA|
T4 eakw Qlgk A st olvh Al AlEe
FHA4E 33S o]-83= covariance based detection
I A A= A aRpt HAa Rws ol
$-31= maximum minimum eigenvalue detection<
A ollUA] 4 ko] o3k WA kot e
SNRellA] Alwe] &4 R} A EAle] Al A&
< AAsi A Ase]l w4 @tk ATSC DTV
Aze] F7A37F 7R AFS o831 signature
based detectione DTV A13E I 4 glrp=
Ao glont HkEAQl A3 AR Antsie] Al
Alkeko] War, ke SNRelA] A4 Ad5o] Yt
o] =tollA $2]+= Bussgang HE|E o8t
HAE A wS AljE sk Aljkehs AN W
Bussgang A2|E o|43}e] 71-Alet 453 P
Az Alele] A B4 AolE AXlgitl Ak}
e oA AdHE wHE) 2] ARE oluiA|

3

>

&,
ok

&t

c

2 o

e

sHEY AS] BAL 4 AlE ulEeR T
A A (Ho H)E TSR Aelek M A9 q
kg b sl AL Sl A A

WA e S8 AR Al AS rfnle ok

o} 7.

H, :Ti[n]:wi[n] (€)]

H, :r[n] =s[n]*h, [n] +w,[n] 2)

o714 s[> PURNE] AFd A%, hn]<
PURNE @ WA shelu7iAe] A g S5,
wiln]= 7HHA A ZR-A]9k ARE- (additive white
Gaussian noise, AWGN)°|th(i=1,2,...M) A (1)<]
7 Hoe PU A7t EAfsh= 9= 7455 v
ok 2 BR pn)els A 7ReAIE Ahke]
AR i A (2)9] 7K Hi2 AE el =
= s[n]e] Bk AR ongi].

A 7] A5 7150l Pup(probability of
missed detection)2} Pr4(probability of false alarm)
7} itk Pupe 7F HiollA AlA dare]se] PU
AEE A Hehs FE0lAL, Puv 78 Ho
o4 PU Alsr} EAlghcla gddd ghgolrl 2
AR 7192 I Pyp®t Pras 5410 B8R 3|

°
qh i e S 7AE SAlel @AE )= ofsicth

Il. Bussgang RIS 0123 AHER HAl

Bussgang %2J[9]+ real gaussian stationary process
7h mde] wiAdd S S del o3 =
Hel A ARte] /= 2| At wlEdth=
Zolck o]& AoR vehlw A (3)3) 3k

_ Hzn] « glzln+k])}
B = "Bl » 2lnt k)

3

©17]4 x[n]<= real gaussian stationary process
|3, g)e HlvlEe] vl ol K= HlE
= oleh vkl slH x(n] o] Ftel] 0°]aL, Ak
o] 19 7l o]8Al vlEds K= A ()%

o] viepd 4 gle.

923

www.dbpia.co.kr



221813 = %] °09-09 Vol. 34 No. 9

Threshold

x, sl
I Lx :
| x[n] X[¥] ] Yalk] Kylk] Tz]
BPF | —(X)— ;:;. —| FFT | — 1\1‘;?;;1‘ R: ca;[llrl]ate R_: st::iﬁi,; ——» | Decision
Sampling Y}[I(] KI[IC
J2! 1. IEEE 80222 WRAN©4] Bussgang 2|5 o|-43+ ~dEZ] 44 2%
1 i — 22 N—1__ _
K, == ‘/\7003: e glz)e " da @) K [0] :ngori[n} e g(r,In]) %)
714 o]2Hql wlHSG K= ©A A8E o]7)4 ALute] ZAlsh= FAATE 7F AlEo]
g)oll &sllA] A=}, "FY gaussian stationary =2 7)Aok BE wigo|y o)=E AlFole] &
process”} opd 73% A AlSTE Al AlE e w3k 7 SRlelmw, K0le  FASIAE

EAgE, ARk AE wlE Al o]2A]l
A K= Ael7 Sl sek kﬂﬂ Aol 5 018
3ol $2l PU AlEe] A ofE A &
itk A7) ielxe] AE mlElds Ki[ﬂ—t— A
o} ko] Aot

Nl - gt
Kl ="55 ®

Sirlnl o rlnta]

n=0

A7 rn] rnl& el 0, Bkl 12
T3 A%, = AZE AN, . ,N) N& 4 A
5] A Foltk Ak & 43 Beksp] 1
74;<4 574] /\1 (6)J,]_ 7Lo] ;<—l,] ’6]—]‘/]—

oii

v}

_ 112:]:(11( - &,)? ©)

oAl AR 47t vlBl A" Ewt
2 7l PU A37F Exlishs Ao st
M7} A¥c} 2R 749l PU 2137} gl
et gl
TEHE A AlEEelM 87 Pl 2]
A slek ®WA Heelld Al Al R4l
Ahgrte] EAEth o= 08 AR Al
K019 ¥EiE Al Alse] Ak vepieg

L
N>>1d U—H, rln]? =18} 71 4 9l oluf
=0

KIO]= oAzt o] 441 Alsseh wlwwz] w4
g 3 290 A A 2o

Eii

Y,
i

AT

¢

924

(Central Limit Theorem, CLT)ell 27]8}o] sto]

KeolaL #4te] o7l 7hgAlok g

apech

Nol= M7 7lelAks 25 weth 11019
A R okl A®) Atk

y 1
FT(y):f 221 (M2)

o]7]4 [x)& gamma Fpolch

92
u[\[/

te™ u/za'z’du ®)

1 I~ s
=g

o Prel AZ WgldF AL Frd)=1-Pro|th
Aoz TEHE A (99} 2o

=ma] v|Al3 el Qalix] A=)

A=F,'1—-P,,)

S Prst 4 029 B4

3 1. ATSC DTV Captured Data Files
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ATSC DTV Captured Data File legend
WAS_68_36_05232000_ref fos
WAS_86_48_07122000_ref ——
WAS_51_35_05242000_REF —H—
WAS_49_39_06142000_opt —
WAS_32_48_06012000_OPT —
WAS_3_27_06022000_REF - - — -
WAS_47_48_06132000_opt —+—
WAS_311_ 48_06052000_ref —
WAS_311_35_06052000_ref — ]
WAS_06_34_06092000_ref —_—
WAS_49_34_06142000_opt —G—
WAS_311_36_06052000_ref —_—
Average over 12 DTV files —— -
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I 2. ATSC DTV Captured Data Files

Parameters value
Number of FFT (Ngrr) 2048
Time Delay (7) 0
Sampling Frequency (f5) 21.5244MHz
Sensing Time (72) 5, 10, 20ms
gy |t
Probability of 10%
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