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Abstract: Aiming at the problem of inefficient use of spectrum resources, a fusion spectrum sensing algorithm based on
eigenvalues was proposed to effectively achieve dynamic spectrum sharing. The test statistics were constructed by em-
ploying the maximum eigenvalue, the trace and the geometric mean of all eigenvalues of the sample covariance matrix.
The detection probability and false alarm probability of the proposed method were analyzed using the random matrix
theory, and the analytical representation of the theoretical threshold was obtained. In addition, the parameter selection of
the proposed algorithm was analyzed theoretically. Simulation results show that the proposed algorithm has better detec-

tion ability than the existing eigenvalue detection algorithm.

Vol.40 No.11
November 2019

Key words: spectrum sensing, random matrix theory, eigenvalues

1 3515

B TG 28 56 i N 22 G FH P T B IR s oK
DL i B 2 i N Y, Al B B = 25 ARk I
LIE ML (5G H AL 6G) kMR AP . Ak
()G 263015 4 5 22 11 F P S A3k B0 P B 4 13 £
25 o, AR X KK AN PRISR B H A E
(I 3 T 575 - 5 50T PR AR 3 S 8 8 A1
P& I B 5 1R AT A R SR JE 2Tl A5 ik s
P, Shit, 5G A IS o R g — 2
JE B KB, TR SIEILEH A, BRI
T2, (CR, cognitive radio) 5 AMERANGE B =

Y5 HER: 2019-05-07; 1&E HEA: 2019-08—27
BEEWH: HE AR EIIE (No.61701072)

(T R0 DA TG 2 HL K B A N 2 2 AT 52 P T
WL, ERVPNEM AT QR 123
PP BcAT 7850 FURIIE R G D0 5 33 23 /v el g
TP HBE AT . B, W EN A A
HREAT PGS, BRI = H P A B
A PAEARAS N S DK 6 20 LU e (R A A
BITERPIOAFAE, IFAE5E (KN Ia) P35 25 5 18
AR LR o ORI, BRERR %K 5L brd7 s 45 A S
FAfE ok TARK Pk, At 7ML FEBoR 1
AN A

WA LR B B2 R F e Tk 51
JZ R, KR AR P B e e |

Foundation Item: The National Natural Science Foundation of China (No.61701072)

2019201-1



.55 wOf o W

40 %

TR PR S AR O o MR AN ) P S B 4% 1 S
Ko B BN L A AR A L 2B R A
ANE RIS o ULHC IR S S L A 8 A
gz —, LR AR SR 5 S g
5 B IETHR UL Ik RE, HARAN K1)
WAL DA, IXAE S PR S A LA, of
BT S 2 LT SN RS T FR R S Y
(P ERINEAT RESAI (ED, energy detection) M,
HATE T e B H 5 T928L, (HRAEsE
PR, P2 Aese ik MORRON B 35 5 D %K
&), 150 LA, A e A I S A R PR e R
e, SCER[I213 7 AT Py s AE RS R
RRE RTINS, HAER I e LA —E B3R Tt
ED S90S T AL ) 73 A1 45 5 A S It oA Il 1k
BE, TR TAHORAR 5 R M REAH X B ED 55
W AN PR DA, ORI, SERR AR G e A B I
AR, AFAEME AN E PE R R, X8 “fEM
B [ AR AR T o A T S IRIX e AT
BREENIZ AR, XREEEATEE 5
AT AT S0 P T A B o B TR R A
SRR E RN AL, R T 8k
15 5 BIREAC T 7 22 50 ME Al 5245 5 TR A AH DG 1%, AR
KPR B 7 B0 snae fy, X5lk T
— L R AR T A 4R R g g K
e /MNEMEE (MME, maximum-minimum eigenval-
ue) FyEML B KHFAE{E 5% (MET, maximum
eigenvalue-trace) 31 g KA AEAY 54 AEAE
LT (MEGM, maximum eigenvalue to the
geometric mean) 53 S RIHRFAEAEL (1135 )7 b (MSEE,
mean-to-square extreme eigenvalue) 7214,
FEARAE MR LR, TR AR A BRI SR B
HARGF IR IR e, 2 22 J R A A W) 7 22 0 e )
o K B /INIRE ALE AL R 0% B B M $245 - 1 AH S AN
WEFE AR, MET SR MEGM R0l 9253 Bl 4E
Biig FI) 35 ¥ 5 1 A Nakagami-m {5 U T84 1S
MPERE. Behh, MET S350 MEGM 5558 so ik 1
S BR FR G R P ANEE 0] AL ZR G 5 1 MET
FH MEGM R SRR i, EETANRIZHL o
R FHREA O 75 2270 B 1) B RRFAE AR s TR LA~
BEAE] T — Mo 2T a R NEE (a-MTG,
a—maximum eigenvalue-trace-geometric mean) . JiT{
S0 E A 1 MET $375H MEGM ROl S b iy
il FIHIBENURERERS, AT 4330 1 IR ENERAS

UL SN AL e s TSN e W i BU A X T
W], PR BAT IR SR, Se i 1 AN 1]
e TSR], PTERERARVEREA BRI

2 REGHER

Wik 1 Pros, ASCHE RGN 2 RN R T2
RS, R PASTH, TAAEE
AN RCA M A BBOR ] T 1 7 o
TAFAE, NFIH P ISR m ARG 5l

r,(n)o

PU: EH/
SU: AP

B,
5 SU,

BT 2RI AR SE b Bt 3 5t

AR SR R T A5 SIZ [ 2 0 i AU B 2 75 )
FA IR, ARBONENH S BT M AN EOR S, Ak
FRPE, ORI A ) R DA AL A T
T InAR R )

H,:r,(n)=w,(n)

H, :rm(n)=iihmj(i)sj(n—i)+wm(n) M
H, m=1--M, n=1--,N: Hy &nEH 55
AN, H £ EH P E 5 HF 4
w, (n) ~CN(0,021) LRIRMNIIER 0. T7 %K o
I PE b A s s R ER j AL AR Y
MRS b, R j AERS S m
MEBCRE Z BB Y, C, Ko F I8 .

[F] — SRAF IS 21 1R s ] LAIR R

r(n) =[1,(n),1; (1)1, (W)]"
w(n) =[w (n),w,(n),--,w,, (m)]"
h;(n) =[hy,(n),hy (1), 1y, ()]
s(n)=[s,(n),---,5,(n=C,),--,5,(n),-,5,(n=C I
()
i) & DL R A
r(n) = Hs(n)+w(n) 3)

2019201-2



%11

RS SRR A S RS Rl +59 -

Hh, H=[H,, - H,] AT 5N Z 1
R N AR, H H, =[h,(0),-,h,(C,)]eC" "
M x(C, +1) R HBE

F I8N ASKAEFA, BlUE S IREA 7 2250
BT LAR 7R R

R,(N):%er(n)rﬁ (n) )

3 ETHEEMMSENEE

A E SR U2 R BN, ARIR LR
HIUMERIL A, R RS R A 5k
3.1 ZHERSIERINE X

AN O SR R R AN TS 2245 5 D B A
T M P D A RO RR 4 5 A Ak . 7y
(R AT SN S A HG MET 559, MEGM 59245

1) MET $i%

AR 2% 52— J AR, ADLSR BLAS U S50 A A5
TR A S A R B AR S . — RS S
R T (PR AR SR AR FN, BRI SCARUAA bEAS
(GLRT, general likelihood ratio test) LR R YeX
i) U 4. GLRT Sk 8 AALE, B
SEXS RS HOHAT B RSt v, SRS R AR L
RS STy BEAT AN o SCHR[ 1718 1X — JEAEDR Ho A1
Hy TR0 S D) RGBT A, 330 TN
GLRT 3%, HAGMSvt s &Rk

A (R, (V)

" (R (V) ©

Hr, A (R(N))~ tr(R.(N)) 5 MR RFEA T Iy
ZEH R R KPR IEE S . O T 58, ¥k &Ek
fajid & MET 83k, i B ER W, MET ik
Bt ) P A5 18 R HAT HE MME S92 25 58 47 1 4 01
PERE .

2) MEGM #i.i%

TSR R, A5 TEIRAS AT HE AN A2 Jid ) S v
FE, P, A TSGR HAREERAS TN AT P
XA RE ), — SR S A A AR
#ihn, XFT Nakagami-m VR 518, SCEA[18]4#EH T
MEGM 5%, MEGM SFE AN S v ] R Rm ol

TMEGM — ﬂ’max (Rr (N)) 1 (6)

[H&-(R, (N))]M

MET

3.2 RESHVFHEEARNEE

MET 535 MEGM 5553 il B R 3 95 A5 18
1 Nakagami-m 3£ %5 18 2 AT B ARSI 1 g o
U, ASCHGIX 2 ML, 132Ntk
(1 FL AT ST S e 1) B A S A R . IR
IR GE T P R s Ay

l-a

« Zﬂ,» (R.(N))

- @
[H&»(R,(N»jM

Hrh, aiEH, Hael0,1]. NRX(@)w5n, Frid
FVERIH T REA T 7 ZEF0 B B s R AR . 128 A0 B
AREERUR Ty B, 4 TR, e
ERTEN @ = MTG o P& EEmR i e vt &t a] DLk
— B RIRN

T

a-MTG —

7 [ A RV
Zﬂ,- (R.(N))

1-a
a

1 M
ﬁZﬂ (R.(N))

(EM(R,(N))] ®

FRFE = (8) I 4, BT Ay — Lo DA (R AE
Kol AL — Bk, Za=05Ra=1I, FridsH
AN T MEGM S0 80 MET 5%,

IEAr, MFERPE S AELER, FEARY) T 225
MET AL A2 R (N) = 021, BRI KIS i 2540 T
Mo MR PE S AEER, K@) A AR
IO 1, #MgehE R M. F, B RS
0] DU T AR A i B = P R A

o —MTG SIEMVEAS BRI .

D) FIH N ASREE st S s A T 5
ZERFE, (9P

Rr(N):%Z:‘r(n)rH (n) ©)

A (R, (V)

M1—2a 1 o
gZi (R.(N))

2) KRR 7 22 FE R (N) B AEAH
AR (N)), FHRH R KREE A, (R.(N)) -

3) VI R AR () LA S SR A T Ty 22
SE R )38

1

GM = (ﬁﬂ,-ue, (N))jM

2019201-3



. 60- wOf o W

40 %

tr=trace(R, (N)) = i A (R.(N))

4) ER GRS TR T HBCA .
Rt BT TTR,  WAWr 32 M P AEAE e
Hy; 7500, AT 320 P ANEAE T Hoo

5 OA R R FEIAL,  Pri Fkm s
TERINERE,  FOR AR SO A wr A TE A
SRR SRR R .

4 PEEESIT

T IAE 6 L5 M 2 A PPN A S A T BB 1 2
ANFEEFRER, ANSCRH MU R RS 4T S T
TP S (AR UM 26 R 2 A%, AR B i M %
H1TRR OGRS HER T TBR M Ad AT R o
4.1 EEWMESIIR

MEAET, BWE S IREAE J 2E HE E
FoRN

RAN)%ZW(H)W‘* (n) (10)
MR EEHUEERE B 1e, HEFE R, (N) /2 Wishart %
We. o T IR, 4 AN) :%RW(N) HAB# gﬁ%:

w

e (O<c<l), Mol AL Miﬁwﬁ&
M Tracy-Widom 4345, Hrh

p=N-1+JIM)

v=(\/N—1+m)(ﬁ+ﬁT (11)

AR, REMAERIR N
By =P(T,_yng > 7|Ho) =

I-a
a

> A(R.(N)
=l > )/|H0

1

[T, (N»]M

A (R, (N))

P M
Z&(R, (V) [

(12)
b, oy ATIR. WAEHy R, &
trzil[(Rr):MO'i

1

GM=(1M[&«(R,(N)>]M o} (13)

VLI, MR RS N

. P{(ﬂmm,gzv»] (Mfi] § y}
Mo, o,

P[i:iax (R, (NYM" > y}

(14)

2a

O,

w

N
4 AN)=—R.(N), W
(e

w

P - p[(d_) A (AN YM y} :
N

O_Za

w

P(A%, (AN)) > yM>* ' N* ) =

max

P(ﬂm (A(N)) > yiMzaf;]N) (15)
TSFRE AN 20K, w MM

ffr Tracy-Widom 73 Aii, K

1 2a-1
Ao (A(N)) — aM @ N-—
Pfap[ w(AN) —pt _ y°M « N u}
v v

1 2a-1
7'M * N—u
14

1-Fy (16)

He, gy i XADFTR.
A R MR IR T 1, R L5 ] FR
7~ REE RN BRGNS o TG, 5
FEIPRTC K RIL, et s T Bk s an sk
AT TR S R E MR R, TTIRAT AR R A

Fla-P ’
7:( Tw ( Nna)V"'ﬂ] M (17)

e, Fry B Tracy-Widom 434 [ . K 3((11)
RAKXA P, W

F;Vtaea{“N “ﬁf}ﬂ
(N=1)M 2 («/N—l + \/M]
V= M
N M
(18)

F 1 BRT MET 5945 MEGM Sy 1) i A
5 TR AT R R d ke b AT AN, TR
() e e R % K2 |1 BRAE o = 0.5 = 1 I 5 MEGM &

2019201-4



o5 11 3] RS SRR A S RS Rl -6l -

V1 MET 8352547 . 4.2 LR

T — L6 H, F, Bl S IREACH) 7 2R M7
vk [r— I R,(N)~ HRH + R, (N) (19)

MET P =1-F (7MN7/U) },:(FT;}IJ(I_P(A)V‘*'/I] :/H;CI%:?IE{EE%E
Ty N A (R.(N)) ~ A4, (HR H)+ A,(R,(N)) = . + A (R, (N))
MEGM B, =1-Fpy (A y[wj Wep, BRI, BB =422 8,

Fr g 23— b R b
l-a
Y ARN) o

B=P

p . i e [ a8
w RV 1 | >7H =P A R(N)>r° [Z%(R,(N))J [H&(&(N))) J ~

ZAEO | (Tpwom |

I-a

2a-1 a

Pl A (R,(N)) 473> 7* (_ZA,(R,(N»j - {(HMR,(N))H

(20)
FH R 5 R AT 7 ZEH0 B ) B KRR AEAE T AU AN Tracy-Widom 434, A 1S
P~P| 2, (A(N)) > Uﬁ re [Z A (R,(N))j ) [(H (R, (N))]M J -B||=
% w[z z,(R,(N»j - [[H MR,(N))]MJ “B |-
1= Fry (21)
1%
43 B o Bk G Rt G R TR . % 3030 e ] Bt e

B ARADHL Prig o-MTG FENE  T28a, A0 TN S TR 2
MGETHEMTIRER TR R R N AR Mo MARRR, BEMASH o FIEFKSR . HR9EC
HHM , 558 o WRFEMKN, Sa Wik (HAKRAT)A, NGRS EA K(22)
XEENERE RATROR IR . XS E TR, Wl PRt R,

I-a

1 M
[ A (R, () ] 2B )

1 ¥ T
= A(R.(N) (M i jM L
T 0 [akan] | rawmy
4 FT*VIV(I_Pta)V"'/U ‘ M ﬁ
[ N j (H A (R, (N))j
A A M
max(R,(N))(]i_l[ I(R,(N))J . .

| ¥ ? Fry(I=P)v+pu
[MZ A(R, (N))j

2019201-5



© 62 W ofE ¥ 40 4
KT, & a <050, a-MTG BJREEFR1E T MET &k
1 & MEGM HikL i g
g 2 RN) e,
a=—- T (23) 5 {AEXW
[HMRANDJ AL — 2 0 FOE KW BT i @ -MTG 51

1

T (R, (N))[H z (&(N))jM

- 2
(M;A,-(R, (N))]

N
Fr (=B )V +

24
N 5(22) AT AR

T
a-MTG — aba (25)
e

R FE T —A P AR, HRE
HR H JFk 1 AR, 24 N 7840 K, Beliefs S5 1ies
R (NY~HRH +o.1, , W

%R, (N)~A(HRH)+0, =f+0, (26)

T HR H % 1 58, Kk, HRH X

AR O FFAEE, B B o ik

i A=p+ MO'i
[]M[ ’1’} =0’ (% +1)M (27)
FR A5 1 LU 1 o SCmT 43
SNR = Mﬂ(;z (28)

¥ )AK (24T

(M -SNR+ 1)(‘%) N
C (SNR+1) Fry(l-
FELEE N - Mﬁﬂf'%@gffﬂﬁiﬂa P4, Eid

XY MITHE AT 1 b<1, Pl “;”G X Tall
BRIk PR BT . AR DL AT RI AN, FELR R IV A
MER T, o /N, KNSR S 1R 2 o,
GRSy el I )T = R R el SR A = S WA
LXATH, M a=050, Fiita-MTG HithH
MEGM #3254 Ma=11, Jifa-MTG Hik
5 MET HiE%M. FIHU LT UG H, X

(29)

Bv+u

AR fefE— ek, oA EH
JUMNT 3% BPSK (binary phase shift keying) 155,
WHIH A 4 IREBBORER, KA 1000, itk
Gh, ARICH BRI EE, FIENECY 10.
REEMEAR 0.1, (ERE MWL~ il 10 000
RS~ 27 LS S0

o, ASCET UL TS HM T T AR Z
K o Xof A PR B o W Pl 2 s, #E @ € [0.L1] i,
o AR B /N F N PR A DR BE R A o 2 = 0.5
a =10, Fridfkmreae s O 1K) MEGM S5
MET SHiEtEaE 8. Ha <04, Fritsikmrt
REIL T MEGM $3%:81 MET 53k

1.0

-0-8-6-14 12—10 -8 —6 —4 -2 0
{numl?[’./dB

B2 AN or SRR I /i LA

R, RO TAHEANFEHE PN, Prig
a—-MTG #ik5 MET &k, MEGM Hik. MME
1% Je MSEE Hk ksl Epe . & 3 FE 4 73003k
7N P=2 1 P=4 i), JUR 2 ARG I HGE 56 it 175 e L AR
ez, I 3 Fal 4 mr g, 2431 5P s,
B SIE I ERE R B, HEARTER % P T,
a — MTG BVEAE a < 0.4 WA AT ST LIRS T BE .

Kl s FlE 6 /\”IJ%%/J\ P=1 F1l P=2 I}, A [R)SRAE
RO R YERE s, o, SRFE S s E
241 000, 5 000 1 10 000. Ky 7 510, *FFFrie
a-MTG HIEHZERET a=0.1,0.2,0.3,0.4 X 4 Ff
o S FNE 6 KB, BEAERFESIEN, hAHE

2019201-6



%11

SR L T RRFIEAE AT A S SV <63 -

R R R iy, L a2 B R PR SRAE s 0 B A A Bl
i EMERE A T St b 7 s R, BT
a—MTG FiEPEREDIA LT MET &%, MEGM
533 S MSEE 37,

1.0

0.9} |—8— 0-MTG-
0.8} | —g— a-MTG—

0.7} [—a—a-MTG-

NN W —
—_
£
5
=<
~

@ 061 | 2= 5 MTG-0.9

£ sl |[-e—a-MTG-1.0 (MET
=05 .-&-- MME ( )
2 | |[z==MSEE

{5k Lh/dB
B3 P=2 B, ANRISEIRLERE

(MEGM)

6 |——0—-MTG-0.9
—o—a-MTG-1.0 (MET)
--O-- MME

20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
{5 bh/dB

K4 P=4ny, AFEFEARINERE

1.0
1
0.9H —B--a-M1G-02 [N=

0.8

0.7 —-#-- ser
— %= -a-MTG-0.1
0.6H - B -a-MTG-02
= 0= =a-MTG-03
0.5H = -a-M1G-04
— - MEGM
04H ~— 7" MET !
— =%~ ~ MSEE '
03 ——a—-MTG-0.1 ’ I/
| —8—a-MTG-0.2 [§

FErIABE 2

——a-MTG-03
0.2 —s—a-MrG-024

—4+— MEGM
0.1 —— vr

20 -18 -16 -14 =12 -10 -8 -6 -4 -2 0
{5 h/dB

M5 P=1 iy, AFEERFESECE, ARSERRIITES

(8{ey

1.0

=% = a-MTG-0.1
0.9H —-B-=-a-MTG-0.2
|l --©--a-M1G-03
— - = a-MTG-0.4
0.8 —-4--MEGM
—-=-=MET

0.7H - -#--MSEE
=== a-MTG-0.1
M 0.6H - & - a-M1G-02
= —-0— - a-MTG-0.3
= 0.5H - == - a-M1G-04
& ——+—-MEGM
0.4H{ ———-MET
— % -MSEE

0.3H —3— a-MTG-0.1
—B— a-MTG-02
021 —o—a-mrG-03

(| ——a-M1G-04

0 18 16 14 -12 -10 -8 -6 -4 -2 0
{5t b/dB

e P=2m, AFERFEAECN, ANREGERRINEGE

IRSEEG R, BT o — MTG H3k A HAT
O 1 MET 5.9, MEGM $4.7%: & MSEE .3 5 i
(RPERE, T H B R AR . W, FEA
R . AN TRDCRFE B OL R, TR
a—MTG FIEAE a = 0.1 I HLAT 5 s iR I A

6 ZERIE

h T L SEEAE S, AR SCRRR T Fb
B 3 TR AE R 0 A0 Kk Sk . TR
a—MTG H k& 2 1 MET H94F1 MEGM 5.y
M — At & e, R T MET #EA MEGM
BOEMAL R . I SER R, o-MTG HiLHA
Lt MET 7%, MEGM 5% & MSEE 595 5 U 1)
Rk e o ST AR SR AL A AR T DL IR AR 2 2L
b PRy Rl A B, 0 A S B AT S A R ()
=

S K

[1] XU T, ZHANG M, HU H, et al. Sliced spectrum sensing—a channel
condition aware sensing technique for cognitive radio networks[J].
IEEE Transactions on Vehicular Technology, 2018, 67(11):
10815-10829.

[2] SHBAT M, ORDAZ-SALAZAR F C, GONZALEZ-SALAS J S.
Spectrum sensing challenges of iot nodes designed under 5G network
standards[C]//2018 15th International Conference on Electrical Engi-
neering, Computing Science and Automatic Control. IEEE, 2018: 1-6.

[3] EJAZ W, IBNKAHLA M. Multiband spectrum sensing and resource
allocation for IoT in cognitive 5G networks[J]. IEEE Internet of
Things Journal, 2018, 5(1): 150-163.

[4] KATZ M, MATINMIKKO-BLUE M, LATVA-AHO M. 6Genesis
flagship program: building the bridges towards 6G-enabled wireless
smart society and ecosystem[C]/2018 IEEE 10th Latin-American
Conference on Communications. IEEE, 2018: 1-9.

[5] MITOLA J, MAGUIRE G Q. Cognitive radio: making software radios

2019201-7



© 64 o

WG

1R

40 %

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

more personal[J]. IEEE Personal Communications, 1999, 6(4): 13-18.
ALI A, HAMOUDA W. Advances on spectrum sensing for cognitive
radio networks: theory and applications[J]. IEEE Communications
Surveys & Tutorials, 2017, 19(2): 1277-1304.

AWIN F, ABDEL-RAHEEM E, TEPE K. Blind spectrum sensing
approaches for interweaved cognitive radio system: a tutorial and short
course[J]. IEEE Communications Surveys & Tutorials, 2019, 21(1):
238-259.

ARy, A, B bk, T e A A A RGNS ). AR,
2017, 38(3): 165-173.

YU P, LI B, ZHAO C L. Asynchronous perception algorithm based on
energy detection[J]. Journal on Communications, 2017, 38(3):
165-173.

VEKERH, 2538, Mg, 5. BT BT RE AR % B v 1t W 1
B AN IR, TS E B AR, 2018, 40(1):123-129
XUWY,LIYJ, XUH Q, et al. Study on cooperative spectrum sens-
ing algorithm based on random matrix non-asymptotic spectral theo-
ry[J]. Journal of Electronics & Information Technology, 2018,
40(1):123-129.

KAY S M. Fundamentals of statistical signal processing[M]. Eng-
lewood Cliffs: Prentice Hall, 1998: 94-112.

DIGHAM F F, ALOUINI M S, SIMON M K. On the energy detection
of unknown signals over fading channels[J]. IEEE Transactions on
Communications, 2007, 55(1): 21-24.

A, BAR, HAH, 55 TEE P R A SRS
JPVE[T]. AR, 2017, 38(8): 118-130

LIU Y L, LIANG J, XIAO N, et al. Spectrum sensing method based on
past channel sensing information[J]. Journal on Communications,
2017, 38(8): 118-130.

YUCEK T, ARSLAN H. A survey of spectrum sensing algorithms for
cognitive radio applications[J]. IEEE Communications Surveys & Tu-
torials, 2009, 11(1): 116-130.

LIU C, LI H, WANG J, et aL.. Optimal eigenvalue weighting detection
for multi-antenna cognitive radio networks[J]. IEEE Transactions on
Wireless Communications, 2017, 16(4): 2083-2096.

ZENG Y, LIANG Y C. Eigenvalue-based spectrum sensing algorithms
for cognitive radio[J]. IEEE Transactions on Communications, 2009,
57(6):1784-1793.

ZENG Y, LIANG Y C, ZHANG R. Blindly combined energy detection
for spectrum sensing in cognitive radio[J]. AEU-International Journal
of Electronics and Communications, 2012, 66(1):89-92.

[17]

[18]

[19]

[20]

WANG P, FANG J, HAN N, et al. Multiantenna-assisted spectrum
sensing for cognitive radio[J]. IEEE Transactions on Vehicular Tech-
nology, 2010, 59(4):1791-1800.

PILLAY N, XU H J. Blind eigenvalue-based spectrum sensing for
cognitive radio networks[J]. IET Communications, 2012, 6(11):
1388-1396.

BOUALLEGUE K, DAYOUB I, GHARBI M, et al., Blind spectrum
sensing using extreme eigenvalues for cognitive radio networks[J].
IEEE Communication Letter, 2018, 22(7): 1386-1389.

JOHNSTONE I M. On the distribution of the largest eigenvalue in
principal components analysis[J]. The Annals of Statistics, 2001,
29(2):295-327.

[HEZEE ]

2019201-8

BICER (1990- ), o, LTI, KiE
BB/ = e e G 53 1 Wl PSR ERE 1
W FIEAE S, NFITCL

B (1983 ), B, W KEAN, KiEH
TR, ERREFUT 1) A 5 A B
BT o

ERAF (1958- ), 5, WIEK, HHKEA]
N, e, KEB TR ER, BT
o] A {5 5 I AE RGBS B .



	6-190240-u⁄Y.pdf

