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Abstract

In this paper, we propose a novel structure where the energy detector has multiples of verification using time delay, in
order to improve its performance. Additionally, the performance is investigated by simulation and compared to that of the
original energy detector. The simulation result shows that the proposed scheme improves the performance when SNR is
compared with the mis-detection probability for both 1% and 10% of false alarm probability. The performance is also

described in terms of ROC.
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Table 1. The simulation parameters.
Parameter Value
Carrier frequency 900MHz
Mobile Speed 3, 60, 110km/h
Law of majority 2 out of 3
Time Delay Devices 2
Sensing Duration 0.33ms




2008 18 MxZEtE =2 H 45 # TC H

€ o ARt A dE B &
Qe et A fe) BHZE]
% 2%

dojA|} o
el #3< ut HE AH4E BA7INA 8t
EF 3.
dutdoz  dAZA W2} Pra, Pz ME

Trade-off #A7} Y82 A&7 He& Eotr7]
Hstd ¥ FES AFLE WY Bk wef WA
Zo] B AL 13 AL oA RS FA Hoz
MAZE enug AZstn ¥ & Q0¥ gapy 7
o AE7I9 AYste 29Ed AE7] P29 P
5 B3 vy A8t Pnel %8¢ 747
10% ¢ 1%2 nAstn 22 AHEANY] o]F £k 74

Agrhl_ml

oX

7t 110km/h, 60kmvh, 3km/h 22 713 % A= B
2} 3} 10%2) Prae 1% Ppa Bt 393 ¢ @2
PAZS 7HEZ PpE 10%9 Pra 9 o &1 ¥
E P _\____ 1/].]:]_[10]
a9 4, 59 69M RHE Adee 2HMEY F2E
1.0E+00
= — : ——-a-- Conventianal_10%
~ ---g--- Conventional_1%
1.0E-01 —a—Proposed_10%
—| —a— Proposed_1%
e R
£ 100 T
=
1.06:03
10604
0 1 8 7 1B 2» 4 B R B
SNR {dB) '

3% 4. SNRol wZ o|HZE &E
(&= = 10km/h, Pea=10%, 1%)
Fig. 4. Probability of Misdetection vs. SNR.
{(Velocity = 110kmvh, Pra=10%, 1%)

1.0E+00
: ¥ ---a--- Conventional_10%
S i ST o7 tional_1%
N —&— Proposed_10%
1.0E-01 1 %-n—li‘rupused 1%
o
Y RS [
o .
& 10802
5 ]}
-
1.0E03
1.0E-04 \ \
0 4 8 12 16 20 24 28 32 3%

SNR (dB)

a2 5 SNRol we o|dE &8
(&% = 60km/h, PFA=10%, 1%)
Fig. 5. Probability of Misdetection vs. SNR.
(Velocity = 60kmyh, Pra=10%, 1%)

M= 75

To #AYe] A SNR oA 7]&] ¥y
3 %5 Btk & SNRAA 4% AN
& v R o)F £%7t Z4dd wet A
WAooz o3 A% o5 Za®s £ & J=H
#He AFe olF £t = wet Ade Wt
AR @A Ha ol upet wof 21 Holgo FF
S e o At AEE B8 AL e E2H
g Fojty, T3 EE I ZA
Ppa=10%Q o 7129 e A%E Pra=1%d 9 A
ot HHAlo] Axa A UAFTE B F itk ol2RH

Pew/h 5€ A8OIA oUA B P& Agdte 2
AS8 49 S A AL PA 4% ALE 2
o 14j0] @ Aolth

48 f9el A FUR 42

7] AdolA ROC Z;E (Pra vs. Pp)E 28 7, 8% 9

A Holz . ROC (Receive Operation
. e - = . )
Characteristics) ZHZE 2B &7 HE 55
1.0E400
= =: ] ---4--- Conventional_10%
\%T\i‘n T —a-— Conventional_1%
. —&— Proposed_10%
10801 —a— Proposed_1%
]
& 10E®
K
1.0E03
1.0E-04
0 4 B 12 16 20 24 28 32 3B

SNR (dB)

1% 6. SNRo| wz njzdE =E
(BT = 3kmh, Pea=10%, 1%)

Fig. 6. Probability of Misdetection vs. SNR.
{(Velocity = 3km/h, Pra=10%, 1%)

Probability of Detection

------ Conventional(10d8)
Proposed(10d8)

0.1 j i 1 i
‘o 01 0.2 03 0.4 08 0.6 07 0.8 0.9 1
Probability of False Alarm

1 7. 2=3| s Ag stolM ROC M
(&Z = 110km/h)

Fig. 7. ROC curve under Suzuki channel.
(Velocity = 110kmv/h)




76 oxe

e AHEY HAS

o
~

o
2

o
[

Probability of Detection

o
=
T

o
W
T

- Conventionai(10d8)
Proposed(10d8) [~

o
N
T

01 i ; i ; i i L
0.3 0.4 05 06 0.7 0.8 09 1
Probability of False Alarm

a8 8 AZ=7| Y Mg sloflA ROC 24
(&Z = 60km/n)

Fig. 8. ROC curve under Suzuki channel.
(Velocity = 60km/h)

Probability of Detection

e Conventional(10dB) [

Proposed(10dB)
08 03 1

0.3 0.4 05 08

Probability of False Alarm

0.7

A2ZF| M A& StolM ROC 2AM
(X = 3km/h)

ROC curve under Suzuki channel.
(Velocity = 3km/h)

J.o.

ki FAA A3 5t A E4E - goldA
3= ETolth d& €9 Pra 71 019 3% A 7R
°lF &£xd WA HE FES Hlﬂﬂﬂi‘iﬂ % Aol &
HolA 3 BF AU LHo] 7)&9 ¥
ol $4% 45E& B ROC JEHE - ‘IH
SNR=10dBZ F317] W&l °]F=Fe &£xo wet 3
A o Aol BolAE geth A% 17 3, 49 5
oM BogE A<t A A A¥AE

ERE 2

4
!

T FAE & et
v2 B

2 =24 CR 83914 7P¢ 58 7149 29

EY A% 45E FPIE BPoz oy A2

oA At Ad7Ist 35 BYUIt AL F2E 18t
Atk 227] AN Agdolde su48 2% oy

et ux HEI 45

(76)

HM: AR E

SNR 9914 W AEHE Yol ST
$e on BE BRI A Pae
= 1L 71E BA AR AL fA

e Al oqu zs% )

. =
X

_IZ
o
ox 1>

o sy ofr

mlm el

]Z_ kil %b)r 7‘]"1 i
7“°ﬂ 5]3‘15}31 011141] ZAE712 AlEYolA sttt &
3 Aotd 2HEY HEVIE HECE  Weighted-
Collaborative 2HEH HE Wo] A& & w9 A
F4Es B Aot

L

5]

re

Mo

a

=
[1] FCC, “Notice of proposed rule making and
order”, ET, December 2003, Docket No 03-222.
Mitola, J., I, “Cognitive radio for flexible mobile
multimedia communications”, in Proc. IEEE Int.
Workshop on Mobile Multimedia Commuricatiorr.,
1999.
V. L Kostylev, “Energy Detection of a Signal
with Random Amplitude”, IEEE International
Conference on Communication, vol. 3, pp. 1606 -
1610, April 2002.
Amir Ghasemi and Elvino S. Sousa,
“Collaborative Spectrum Sensing for
Opportunistic Access in Fading Environments”,
2005 First IEEE International Symposmm on
8-11 Nov. 2005 Page(s):131 - 13.
Chunhua Sun, “Cooperative Spectrum Sensing
for  Cognitive Radios under Bandwidth
Constraints”, IEEE Communications Society
subject matter experts for publication in the
WCNC 2007 proceedings.
Xiaoge Huang, Ning Han, Guanbo Zheng, Sung
Hwan Sohn, Jae Moung Kim, “Weighted-
Collaborative Spectrum Sensing Scheme in
Cognitive Radio”, Proc. of IEEE Intemtional
Conference on Communications and Networking
in China, August, 2007.
Cabric, D, Tkachenko, A., Brodersen, RW,
“Spectrum Sensing Measurements of Pilot,
Energy, and Collaborative Detection”, Military
Communications Conference, 2006. MILCOM
2006, 23-25 Oct. 2006 Page(s):1 - 7.
Matthias, Ulrich, “A Deterministic Digital
Simulation Model for Suzuki Process with
Application to a Shadowed Rayleigh Land

(2]

(3]

(4]

(5]

(6]

(7]

(8]



2008 18 HASSE =X A 45 TCEHH 1 2

Mobile Radio Channel”, IEEE Transaction on

vehicular technology. Vol. 45, No.2, MAY 1996.
[9] Steve Shellhammer, Victor Tawil,
Chouinard, Max Muterspaugh

Model”, IEEE 802.22-06/0028r5, March 2006.

[10] Functional Requirements for IEEE 802.22 WRAN

Standard, “802.22/05-0007r46", September 2005.

g = S Y)
20083 =g w
ARpF- e} AL
20083 ~# A F=oistw
AAg e AAL A5t
D FEA o)

200nd ~dA F=dsta

ARkt AAp A8t
<FEAEF: 74 H olF B2l
S A AE>

Gerald
and
Monish Ghosh, “Spectrum Sensing Simulation

S PN AR

(77)

77

of & &H3ty3 )
2007d 2¢ F=digta

20073 ~3 A Foighn

AAZET} HA A8
<FHARF: B L o|F FA
N zE>

g £ Z2(AHFHY
1999 A tHetn F &AL
199949 LGH A} o]l FF4l7&

AT AT Y.
20033 University of Southampton,
United Kingdom,
Research Fellow.
20053 ~d A FHUEn HAFEH 2ug.
IEEE Senior Member, IET Member,
IEICE Member.

<FRABE: B R o]F BA Als>



