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Abstract In order to overcome the disadvantage that the existing small sample size-based energy detection (ED) me-
thods only obtain the approximations of detection performance of ED in AWGN (Additive White Gaussian Noise) , a
more tractable and more accurate closed-form expression for detection probability of ED in Rayleigh fading channel was
derived and its performance was analyzed by exploiting the latest research result of generalized Marcum Q-function in
this paper. Both theoretical analysis and simulation results show that compared with the approximate analysis of ED de-

tection performance such as the CL'T (Central Limit Theorem)-based approach,the CoG (Cube-of-Gaussian)-based me-
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thod and other approximations,the proposed scheme has more robust and accurate detection performance.

Keywords

1 3l

NI 2 L R (Cognitive Radio. CR) 1y — Fl i U Tt
ST e IR R FH AT 1) A A AR AR Oy B2 T A2 B AAT]
W O T X EE M (Primary User, PU B4,
WP (SUDTE# A B2 BUI 1% 2 B 75 2 S 1] 1 b X Joir OG0 19
RS B AT R L ARSI R PU 7 9 28 PR AT 3% b G et
M. B S ANE CR AR TR AR Z —, F5M
AT SR 1% 3 B0 45 BE 4 A I (Energy Detection, ED)MY |
1 RS Fa 46 ( Cyclostationary Feature Detection, CFD)M
DG B & 3 K6 I ( Matched Filter Detection, MFD)P, 33 26 22 i
HY A S 7 A & B AR B R BRI 2 Ah 3 AR R A
BT — T A AR U SR G 0 A e T L B A L A DU
7R ABLER LA I T B Oy 2 AR IR i g A O iR DL R
T SR I T vk B VR R N A

SR, 7E R AR 2 R A B L ED ik T RA
St B R R AR B DL R 5 PUE5 JE R LA F R A
BT HEARRMTAERE AT R B —F R

il

RS E KRB 4 (61671252,61201161,61571233) % ),

Cognitive radio,Spectrum sensing, Energy detection, Detection performance,Meijer’s G function
g P g gy p ]

200 S IS T R L ED AG T AR 04 4G T 1k AR R A
WIAE 2R (P, F AR 2 (P ) P s , T ED 14 46: 0 A 28 22 35 =X
&= X Marcum Q BRI, 12 PR AR XEAS 1 8738 R 10
P 2 5 b A, Py F0P 3T 5 ED A I P 68 09 98 b5 32 15
BRI . PG, 2T T ED 09 5535 8O T Ik 1
MR KR ZE P IERFFIE KM T ED 5512 09 R0 4 6 7 1 2%
JH ARG 0 AE 20T {01 3 3 2 SR R0, ek [13-14 148 B 1Y
ED i 2% #B & A F A 0 4% B 72 7t (Central Limit Theorem,
CL R ED 46 36 &¢ 1 & 35 LI M 5 37 20 A, IF I Gaus-
sian Q PR ED A5 0 48 % % 15 50 P, 47 3 0L, AT 4
ED fyG e fe 2 ka0, (HR.CLT &8 A7 KA K
TAREML M AENEATE O T, B ED 7R CLT &
LA I ARG U 1 R PR AE TE R U 25 5 T L SRR 114 B 200
AP RN B T LR R L ORI A SRR I T
R I A 2% e 4 BOWE ) F R R A R Gy Ak
AR, E U, O RHT/NREAN L T ED i U5 vk i A
WPERERA T E A L., A, SCiR(10]E w4 T —
RIS T/NEA ST /Y ED Rl Jy vk K H A I RE . %07k

ERFE978—), B W4 BB, BB Dy 1 RLEE S W45 5 AR HLAS 2% 2 FEIL 4%, E-mail : xckt007 @163, comGHFEH ) s MK R
(1993—) , L A+, FBRFIT T 7 A Ll 5 5 M4 5 5 4 # , E-mail : hangyiling00@163. com,



% 6A M HOF S — R A Y

FH £ 4 = 3 (Cube-of-Gaussian, CoG) I 8L 15 2 T 8 N K
Ay TRT R A A 00 E 48 3 3k =X, I BB AR AR A I 2 B 1 3K L SR AR
il A2 A6 I SR Y R /MR AR B AT AR IR R, AR, CoG
VEARL 5 W A T B M T R 2 R R R )
SECIRI R 5 R 2 My AR ol R O 4 A I B3R, X ED A
REAR P, BFRIXXGAT T 4000 I8 T I g . (A2
X B TTVRAT AR SR — Bl AL 00 SRR R O S ORG o, LA 2% 1Y
ROC(Receiver Operating Characteristic) PEREA Z R FEAL , Ik
Ab, IR e /NEEAR A TR ) ED KD 2% R0 T 7R AE = R
AWGN {518 b A6 I 14 8 1M1 78 92 B 1) T8 2638 15 PR 3% v, iy
TP 2 A2 VR S R A AE Y LI oY — R YR (R T
L0 ED i 5 B FoR v g T RS X

BT fER AR ], AR SCAE X Marcum Q pRELHE 1T A 5T
FOFERD 1, A L Marcum Q BRETE HE 4L R IR 15 0 T, AR
4322 3R 2R DA SR H P AR 0 e HE S L 7E B R (Ray-
leigh) ¥4 15 3B _F 50 0KS 8 19 ED & D0 4 R 11 X A % 38
K. 5HHATCAFTEN ED Jr 2 06 0 5 3 38 2 Oy i Bl A~
[ A SCHE T 3 9 ED J7 ik e ) A8 2 32 38 =X g A o oA XA .
PG A SCHR i ED 75 i B SR EOR i i A I Mk g . 7R
Sz 7 77 T8 £ 0 7 v AT DL TE JC 2R 0 B I 24 rp o) Bk A
SHEATRLI  [ERS 05 HLAE R R W] N A AR R L
BUF 54 G 3 T30 8L 5 5 9 CLT . CoG A SCHk[ 11 ] ik
AR Patnaik 350075 340 o A SCHR A ED A DU O ik AE
Rayleigh {518 I A& # P T 50 A0 DU 1 g T 47

2 RGEEBREREERN T EFERREE

LA SU XS PU 55 (9K 0 CRP AT 3% J8% D) # A8 Hy — A4
TR BOAS  [R) RE

Ho:z; (n) =w; (n)

H,:x; (n) =5, (n) +w; (n)
Ho, o, ) (n=1,2,++, N)FR SUFER @ YORAE 15 2 1Y
Bon AREEAE 5 G A PU RZHIHUE 5 5w Go RIRE R 0,
T2 H ok MBI . T T ER AT RS s G A
PIEN 0. 28 o PGS H s )5 w GO A E AL,
H, 1 H, W 43 51 %R PU K G HUAE 5 A £F 72 L AF 72 P b
ik,

Xt F 4% 48 1Y € &8 A M (Conventional Energy Detection,
CED) 758 i WRM G A RH—LE MRS T.(o)h .

Banjade

(D

x: (n) E
Cu

SR N R | R BIBREA RN . L T, (o) E H,
FIH, ST MBI B it 2 8o 05 4 A A o
DR

N
T, ()= (2
n=1

Lon s H,
T~ (3)
La (V). H,

2
Horp ,7:%%7%“5"% Ho SNR, AR 45 5€ #Y BN P TR A, 7T LLAS

H CED 6 I 72 i) ) e o )
T, (x)<<A, H,
(4
{T,<1-)>A, H,
R I, CED A 0 25 114 6 00 ABE 28 (P, ) F R S A 26 (P ) a4y

BRI N

fe R I 7 1k K M RE A BT 267
r(m%)
P_/:P(T;(I)>A|HO)ZW (5)
P,=P(T, ()= H)=Qn (V27 W) (6)

135, M) = J e e b)) = Jt et dr=
0 b
b
I'ta)— J e tde A 3R Gamma PRECH AR 524 Gam-
0

2 2
m 2 +a
x i
—e 2 I,—1 Cax)

ma E;t(ewf:,Q,,xa,m:j

b a
e WEHm—1HHE—KNERER L, (ax) = >

j=0
(ﬂ)zﬂm 1

mﬂ’ﬂ m BT Marcum Q (MY, w2 (6) Wl 4,

CED #l J5 2% i R AR P, (192638 3 T 85 K B &2 24 1)
J7 X Marcum Q RZ, R AR XEAS B 18 50 DG i 19 PA =0 A% . O
B S dn it CED A6 I J 1 78 13 e R0 1 /9 i B AR Py (i,
33 25 SR PR AL SR F B (6) SR B T RE A Py 11
EEH , e 2R A CED A I 7 1 %) B B Py Py R R
fiE CED J5 & Ry A I PERE . DX itk CED J7 85 JC ¥ 3R 45 46 I 44
fiE 10 187 8 RS 0 1 P S . b X L T A, R S X CED A I Al
HRBFX(PHFWT X Marcum Q REGHEAT T 4387, A H &
IS RAR A B )T X Marcum Q PR R 4 3k 5
TE— i SN B A XA 850, IR KR IZ 85 e 5 1 ED
o 77 B 7E Rayleigh 52 #1518 v 5 4b 300 RS B 09 460 0 #E 3
FirA,
3 EF Marcum Q REFBHEMED RN FERE

14 BE 53 17

Hi b — 35 (9 20 B i AL TE iR Rk T CLT . CoG 3 b 2 it
3B ED Ak R 2 SCEk (11 ]9 $2 1 89 5 FaE Bl ED K
W77 15, X 26 ED A6l 125 39 % - 75 43 4ii #£47 Gaussian 32 ) 5K
AU Ty B AT B, A5 Y 8 G 2 B 24 Sy AL AT AL T L B
IERLA) ED K 7 ik X AWGN J6 % 9% 15 18 1 A9 &6 D1 fig
HEAT T 43 A, IR AR XS ED A W 7 Bk 7E 3 7 05 GE b AR M B
ARSI AR X CED A6 803 mf A0 4G T 4 R 3 ik
KT KB L Marcum Q bR HEAT WFST L & 11 i — B AE /)
FEA G BT 2 F Marcum Q »R RS B fif i) ED A3 77 3%, 9F
i 5 Hh HAE Rayleigh % % {7 38 Ho#6 U PR 8 19 P X R ik =X,

J7 X Marcum Q eR AR 5 A%, AR MEF 2 H: A A A XA
B2, 7" X Marcum Q PR B $i 430 ok 503 BRIV AR 43 78 ik 26 2%
PR R LUK AR AT AR 4. T 9 S 7E Rayleigh ¥ 9% {5
T b A I R Y P S AR R 2

7E Rayleigh i fFiEH . B TR Z AN Z R EEIKE
W], S 54 S i AR AT 0 A R L i ) R AR Ak R X T
Rayleigh % 7 {518 , HAFMELL v B — D REVLAL &2 AR % &
B % (Probability Density Function, PDF) fz ()M

2y

Fe(n) =Lexp(— )
Y Y

Ho, y BB ERE, Wik, o] R85 7E Rayleigh & FiE T
B ED #9025 89 B R AR P, h .
P,=FE,(P,)= JO P fr(ndy ®)

Hop E, Co ) RIRXTFENLAE &7 v ) sRECRECEHIEE . X6
X DORAKX ), AT F T~ L Marcum Q # 7 f# 19 ED



268 i ARl RE 2018 4F
K MBER P, MO Rk (2TA D (L
=y ’ N S Y
P(,MQ:JO Q,\v(myﬁ)%exp(*%)d)’ g S S — e
r A A ar b s
:JO Qv (/27 Ay D exp(—d y GHL= |37 ] an

o A I A A
J 7171Q\'(«/27\/;’ﬁ)0xp(*7)d7 9
Hory=2.
Y
Mo EN B, H 4219 Marcum Q FRZE Q.. (a vx -0) REWE R
VY Al

Watr?
Q. (az ) =1—e 2 3¢

r=m q

1, (abyx) (1)
f

<,,‘ 2 2ntr
Horpr L <z>f”LM,‘F§;ﬁEa& 05 19— F B O SE R

PRI, DT BB K 20 (9 HH B Marcum Q BRELR AR -

_A
2y v +a

Qx(«/ﬁ«/@,ﬁ):l—e:f gV(LAy
= Vaadly
L2y an

BRADMRAR O BFHETF T X Marcum Q ¥ 7 fi# 1Y
ED #6482 P, 9 iy 35

— ° A A A _A ﬁ )
P(]NIQ:J Y lexp(—ydy — [e 2 X 2 (—2=)
0 r=N /2 ,y
1
S 27 A A _ R A
J e T L ey yd ¥ (12
#2
M2 pa] DIAS H .
AA
¢1:J exp(—7y)dy=1 (13)
0
R 10D H g - B DDZE R R BCRY M R RT AR T, (ab
_ S Cabia /2
ﬁ)—g)nimnﬂﬂ) S HAR AR 2 A5
5 (V2 A/ J I T
& 711 on!l(n+r+1) ¢ ¢ d a4

R HESCRRC17 9P a9 2 (1D L 2 Q1) i 45 B ek B e = om

B Meijer’s G BB, o Tk — 15 H P, MO B0 ff . AT
_ [( /2}A/2)271\r><
b w0 n 1 (n+r+1)
oo A A A A _
JO Y GE Ly v 1 oJGeiLy | odd y 15
#3
H,
o h
1 =91 A—a+9
Gitlely = o | — ds
27 J L

ﬁ I (a,—s) 1Ir (1—b,+s)

t=1+h t=1+g
& Meijer’s G BB X THEBEMN ¢, =1, ,g3j=1,,
DB, =M A T —a, +O R M —EARREZ., H
A SCERC17 TR i 202D 4% Medjer”s G ok EHEAT A7 4k 7T 15
go= Ly Gip L a0 on (16)
Y Y

I A A(m)zi L LT e (16) 1A

N
X157

B 13 R A AR (12) 7 LUAS B &5 &1k i ED ¥
VIHE % P, M9 Fe ik 3k

PMe—1—{c ¢ E(Lyx%<@yx
N ey y 2
RO RV RIEnY 1
G R B as
SR AR A S C17 ] B B (1 20 = S Gl
Lal6" 1.4 Meijer’s G BREUHE S H# MR AR
}:}[fliiim")]—<1+ y) Pt a9

ka<19>1U\Ik<18>ch““ﬁ%£UE§éé<%ﬂﬁ Marcum Q ¥ #i
it () ED A0 7 3%
+ W

y N o n 1Dt r+1)
ran+1) (20)

AT —2 A M A SCHRE A 3E T Marcum Q % i 1Y

ED K] 75 1 09 R W PR e L A SOK % 5 ik 5 & g & T CLT,
CoGM Lk B Patnaik™ ) 3 3 L ED 4 Ml J5 % 7 Rayleigh
REGIE TR REERT T &L, BT CLT, CoG KL R
Patnaik ) 3 FhiT L ED #; ] J5 ¥ 7E Rayleigh 5 E 18 T )

- H R A R A (P L PYC RPN 45

- e
PdMQ:l*

><(1+ ) v

D CLT ~ ‘ 1 CLT
P [ QU e - T N L
(—Lyay 2D
Y
[ QP+ 1—(9N) ! B
Pf""~J QL L —(1— (N
' 0 J1+y
ON)F TX L exp(—Ldy (22)
Y Y
szN%Jc Lope2 A1 o= 2Yyay
Lrey PR v
_ [ 1 (N+9? AN+, | 1
*JO F(<w+y>2)xp( NTz2y 4(\I+2y)) exp
N+2y
(—Lydy (23)
Y
E*,mi@t[lljﬂ’ﬁ],iﬁ(%)*p:ﬂziﬁy)ﬂlv:
2(n+)?
n+2y °

B DL LA A T AL, MR 3 Rl LAY ED K2 7 i5 7E Ray-
leigh 5 18 T B4R 0 4 R 14 SR M A7 SR 48l 2 2%  FE IR SE 1 L T
EfEab 3,

4 MHEZERRSH

4.1 LIRS
A A S #E Matlab i
(R2012a) .

T, TR 7. 14



5% 6A M

T EL L A — PR LA R A I 5 1 KPR RE AT 269

4.2 ZBHIESE

ARSCHE AT Marcum Q BRI KE B ED 4  y ik 5
HHi 5T CLT,CoG LA K Patnaik 45 3 Fif AL B HY ED 6 il
FIEBE LIRS IR Th AT L. T 5 E A BT TR
BSOS L SNR: 7 =10lg 7(dB) . Matlab {7 B #1 Sy

#14 EMP{ES RN BPSK 5%, {51 & Rayleigh
EkEIE

W2 WRWVEFR oL=1 KSR,

34 WRREREME P,=0.1;
54 i E TR Monte Carlo J7 ¥, 3 5k il 57 45 B

1000 YWARAT I & B G 11 45
4.3 WS

Bl 1A SR T Marcum Q MUY ED 75 A6 AR 9 #E
AR N T ROC(Receiver Operating Characteristic) 4§ P i £&
Pt W LT LIE L BEE N A3 R, ROC RRAE i 28
TR B JU R 2 0 A R AR A L A5 ) AR [ R 0 AR R
T LM FEARRE D X UL AR SO ED 7R TEAMNEAR R4 T
FA ARG PERE L 3X A 7E IS NP TP AR S A He A7 o 5T I 4%
rh L, FRATAN T BEAR /S B A AS S BE X K6 3k 9 15 o HEAT A £2
THRE,

E 1 ROCHEMZ (Y =5dB)

A 2 3T CLT.CoG, Patnaik AT &L ED A& & 3% LA
KA CEE T Marcum Q BRELH) ED J5 i 19 ROC Rk il £ 1
HAER ., WNE 2 ] LLVE WM FE/NEARF LT AR SCE T Mar-
cum Q PRELMY ED Kl 7 ik B A e dF i A PERE L JE T CLT
I AL FE IS (1 ED & DN vk G0 5 00 P RE e 25 . K 2 IR AR SO
) ED il i 245 56 19 ED J7 2%, 78 /MR A IF B0 H A ) 44
BE AL REAR A b DR 35 B2 8 B9 A I M B L T3 T CLT B9 ED DU
T 95 B TR 0 2 T RO A Y o i PR R AT O RR
ff AL /NREARAE LR, ORI PE AR H 25 . Bk A, AT T B A
T CoG Hl Patnaik 89460 7 2 09 &6 U B 4 o #5600, OF H 2%
F Patnaik ) ED L ERF—, X ZEH A CoG XK H,
SRIE Gaussian JT AL, 3X B T RLLE /N A B0 T 1 A6 00 1 B 22
LR A H G R 5 I B 2 F Patnaik B9 ED 7k 2,

B2 ROCHMEHMEN=2,7=—15dB)
TE/NFEARTERL T AR SCEE 1 B 52T Marcum Q PRECHY ED
e 7 32 55 53 A 3 F e Bl ik A e DU ARE R T 24 R LE AR Ak
g 3 pram. IWPFEM L LLE M, A SC4R I A ED

K0 7 3 0 AG ) 1 B I AL, 3% CoG Ml Patnaik 35 8 A9 ED
BRI 2 BT CLT 3B ED %5 2%, JFHM
PFEEER LF T ¥ S —10dB B, A 3CH ED K )
2 B AR B A RS DAL R, 1 CoG Ml Patnaik 35 {0l ED # I 2
AR /N AR 115 0 BR AT [R) R 1 G 4 e L ST 2 0 1 Lk
B IAE 10dB 1 0dB, CLT )75 % 8 3 i {5 e e . it
T M FL 7E B0 52 9 Rayleigh 28 9% 15 38 T & 48 M40 15 10,
AL, 5 24155 /NEAR S 0F R B89 3 FllE Bl ED J5 340 L, A SC 4R
H A EE T Marcum Q BB B ED Bk FE /M EEA AR A5
Vb1 0 T B A 0 i o AR R U ARE 3R e T R

B3 Pybfifsy & (N=2,P,=0. 1D

LRE  HE/MEABA T 0 ED W 2342k H ik
LER IS SR MR ED A0 P 58 1 3 0P =X i 3R 1k 2 Th7 LI 28y
AR VAT T LA DU M BN A L B X X 2 R) B, AR SC
X6 R L Marcum Q PR R4 #EAT 43, IE X /NFE AR 5%
P ED Kl 75 v 3 A7 DF 5T, [ B 4 5 11 7E Rayleigh 2%
{FIE T B ED Al A 0% 0 09 . 5 g i P X Rk X, B
ST SEFE O RS R YR, 5 HATE T CLT, CoG KX Pat-
naik 25T L HSAH HE AR SCHE RO 3 T Marcum Q PRELAY ED
R 7 5 E /INFE AR S T B A IR0 M BE T R LSRRG A L ELAG
W 158 B A % R

2 % X #

[1] AKYILDIZ I,LEE W Y,VURAN M,et al. Next generation/
dynamic spectrum access/ cognitive radio wireless networks: A
survey [ J]. Computer Networks.2006,50(13) :2127-2159.

[2] ZHANG H Y,SUN P,LI C G.,et al. Cooperative precoding for
wireless energy transfer and secure cognitive radio coexistence
systems [ J]. IEEE Signal Processing Letters,2017.24(5):540-
544,

[3] GUIDI F.GUERRA A.DARDARI D.et al. Joint energy detec-
tion and massive array design for localization and mapping [ ]].
IEEE Transactions on Wireless Communications, 2017, 16(3) :
1359-1371.

[4] SEPIDBAND P,ENTESARI K. A CMOS spectrum sensor based
on quasi-cyclo stationary feature detection for cognitive radios
[J]. IEEE Transactions on Microwave Theory and Techniques,
2015,63(12):4098-4109.

[5] GLASS J,BLAIR W, Detection of Rayleigh targets using adja-
cent matched filter samples [ J]. IEEE Transactions on Aero-
space and Electronic Systems»2015,51(3) :1927-1941.

[6] LI Z.WANG D Y,QI P H, et al. Maximum-eigenvalue-based
sensing and power recognition for multiantenna cognitive radio
system [J]. IEEE Transactions on Vehicular Technology,2016,
65(10):8218-8229.

[7] EIFM ., mVEa, EARMR. BT BALAE M 2136 19 Ak = 0 580 TR 45
B RN 7 kL) T 5 (E S22, 2014, 36(12) - 2828-2834.

(F#5% 294 70



294 AN A = =

2018 4E

B 11 ACO,GA,ABC MR A E M DI,

S =R 5 s BRI AR 1 22 e A Bk R S A

DI; =, /%i(l‘]*})z sfor all j€EVM list @
=1

Hp. DI, BArE2 N & VM 8,2, & VM, [ 58 A ], «
RIrA VM 125 R . 2R DI fEAR /I Ik 2 £
Y22 AR/, VM L1 570 28 5 n S 4

RA ¥ ABC.GA 1 ACO By DI, fnid 12 firs,

B 12 ACO,GA,ABC FNRA BN DIs
M 10— 12 AT LLE IR A Bk LLSEEE e ACO,
GA Il ABC Bk 4r i (27 . B rhoo i B L B
AFMAARE S, BB THRABEER -1, 5 BB

73 BC 45 fi 5 R 09 K UL SR 5 1490 TE 48 e 11 165 R 0L 0L 97 4%
F HE AL .

BRIE O ASCRINT M T A B = 5 RS
%L PR ERA BRI T R AL B R BE A
TSR A U0 L A e R R S RO R AT L BRI T

S B AE He ofe 1R A Bk A 2 ) L A S B R R
55 X B TR A B N DR OO b s 1 B vk kAT

i BT Al . O A RAE N R ARG B LT MW
TEA A, I BT 52 B 1) A0 R - 5 72 B2 1 B4 T Al
ik,

% X B

(1] AENRIES, MM NS, £, 5. — P 5L T 25 43 SR W A9 RF 4 R A AL 0k
[0 PR, 2017,44(2) £ 250-256.

[2] TAWFEEK M A,ELSISI A.KESHK A E.et al. Cloud Task
Scheduling Based on Ant Colony Optimization[ ] ]. International
Arab Journal of Information Technology (IAJIT).2015,12(2)
129-137.

[3] TAWFEEK M A,ELSISI A,et al. An Ant Algorithm for Cloud
Task Scheduling[ C] // International Workshop on Cloud Com-
puting and Information Security CCIS. 2013:169-172.

[4] NISHANT K,SHARMA P,KRISHNA V,et al. Load Balancing
of Nodes in Cloud Using Ant Colony Optimization[ C]// Uksim,
International Conference on Modelling and Simulation. IEEE
Computer Society,2012:3-8.

(5] SRAPT .ok A sk, 55 Z1HEF & T 2 B AL AE Er R iR 4L
M WEFELI]. T LA, 2011,34(12) : 2265-2277.

(6] widh, fER. ot N TR TR 1 = T H o e IR0 LA B[] . ey
FE S5 ANL.2014,31(7) : 147-155.

[7] KAMBLE S V.MANE S U,UMBARKAR A J. Hybrid M ulti-
Objective Particle Swarm Optimization for Flexible Job Shop
Scheduling Problem [J]. International Journal of Intelligent Sys-
tems Technologies& Applications(1JISA) ,2015,7(4) :54-61.

[8] REWREN.VEIE, WRENAN, 55, 2= 1H 5 op B 1 g A% B30 1 (0 AT 55 0 BE 58
HEFFE L) AR R R B2 M A RBE D . 2012,40(1) 1 14,

L9  Whaf . fy 2R R He T 38 1o e HE S V6 19 2 T H S S P A Ll [ .
PR A 2012, 32(9) :2448-2450.

[10] #dafe i, ot SO S IETE = 1 HaAE o5 R B sy i LT .
ML TR 5¥11,2013,34(5) . 1716-1719.

(117 2t , . = 758 BR8N B stk 3ot 1% 380 10k 9 4 55 ) 8 0k
LI, 3F8HLRE A ,2011,31(1) - 184-186.

[12] BABU L D D, VENKATA KRISHNA P. Honey Bee Behavior
Inspired Load Balancing of Tasks in Cloud Computing Environ-
ments[ J]. Applied Soft Computing,2013,13(5):2292-2303.

(L35 269 T

[8] ZENG Y H.LIANG Y C. Spectrum sensing algorithms for cog-
nitive radio based on statistical covariances [ ]J]. IEEE Transac-
tions on Vehicular Technology,2009,58(4):1804-1815.

[9] FARHANG-BOROUJENY B. Filter bank spectrum sensing for
cognitive radios [ J]. IEEE Transactions on Signal Processing,
2008,56(5):1801-1811.

[10] RUGINI L,BANELLI P,LEUS G. Small sample size perfor-
mance of the energy detector [J]. IEEE Communications Let-
ters,2013,17(9):1814-1817.

[11] SHARMA B V,TELLAMBURA C,JIANG H. Approximations
for performance of energy detector and p-norm detector [J].
IEEE Communications Letters,2015,19(10):1678-1681.

[12] REISI N, GAZOR S, AHMADIAN M. Distributed cooperative
spectrum sensing in mixture of large and small scale fading
channels [J]. IEEE Transactions on Wireless Communications.,

2013,12(11) :5406-5412.

[13] QUAN Z.CUI S G,SAYED A.et al. Optimal multiband joint
detection for spectrum sensing in cognitive radio networks [J].
IEEE Transactions on signal processing, 2009, 57 (3): 1128-
1140.

[14]7 ATAPATTU S, TELLAMBURA C.JIANG H. Energy detec-
tion for spectrum sensing in cognitive radio [ M]. New York:
Springer,2014.

[15] SIMON M,ALOUINI M. Digital communication over fading
channels [M]. New York, USA : Wiley,2005.

[16] KAY S. Fundamentals of statistical signal processing: detection
theory [M]. NJ U. S. A. :Prentice-Hall,1998.

[17] ADAMCHIK V S,MARICHEV O L The algorithm for calcula-
ting integrals of hypergeometric type functions and its realiza-
tion in reduce system [CJ] // International Symposium on Sym-
bolic Algebraic Computing. 1990.:212-224.

[18] GRADSHTEYN I S,RYZHIK I M. Table of Integrals, Series,
and Products(8th ed)[ M]. Amsterdam, the Netherlands:Else-

vier,2015.





