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Robust cyclostationary signal detection algorithm under low SNR

LI Mang LI Wan-chun LI Li-ping ZHANG Hua-guo

(University of Electronic Science and Technology of China, Chengdu 611731, China)
Abstract:  This paper proposes a new method to detect cyclostationary signal and estimate cyclic frequency. The pro-
posed method exploits cyclostationary signal’s recursive property to construct fourth-order autocorrelation matrix, and uses
the relationship between the matrix’s eigenvector and eigenvalue to achieve signal detection and cyclic frequency estimation.
Classical methods realize the detection of cyclostationary signal through the estimation of cyclic autocorrelation function or
cyclic spectrum. Compared with the classical methods, the proposed method exploits more prior information of cyclostation-
ary signal, so it has a better performance of detection under low signal to noise ratio and low snapshots. The simulation re-
sults demonstrate that the pseudo cycle spectrum estimated by the proposed method is smoother than the cycle spectrum esti-
mated by classical method, and under the same signal to noise ratio and snapshots, its detection probability of cyclostation-
ary signal is always higher than classical method, the improvement is more obvious under low signal to noise ratio.

Key words: Signal detection; cyclostationary; cyclic frequency

- A SR IR B A AR E B PR

515

Xt L SISPRG A 5 AARIN LA B s 5y o B0 30 A
R — AL 55 AR BRI, 7RV 22 SR AT
AF)ZRNH e R, B FE S R Ak Z T
T B PR o] AR B PRI RR R Y
WEALAR =, 100 A 0 S 0 R A AR S [/ 2 (R H

Wk F: 2012-11-14; f&[E F . 2013-04-17
SEGUUH . R A AR H (No. 61201282)

Gardner 25 JOWEFMEHS T 410 RS FIT
AKIBRTE ) IR AT 08 BR AR 1555 A A6 ) i
THROAVEAIR AT | [ T A4 5 A0 S 39
SRR AT LA B A 15 SRR IR L R
A DMWE AT SE AR A5 5 1 — DRI AR 485 7
Gardner FTfi TAE ) FERE |, V. Prithiviraj 55 A\ PG



%56 1 =

75 A ARAE IR LU R RSP RR A S OB AN 8k 773

FRREFRE I TN LR e, 3 D AR AR A M L R
X R P R A5 5 AT A IR — S Pk Kyou-
woong Kim 2 A L4 75 FF38% R 7 FH X6 AR [ 98
(1 5 ORI 5 9 51 24 "7 s Punchihewa Anjana %5
NAPHT T OFDM 13 5 B BRF-Ra ke 1, 42 1 T 3 Y
I FEERD o eAh, [ P — B L B T TG BR
TIN5 S g — s et

Db 00 R £ 5 A 0 1L X — B B
BRI AL T4 2 7 7E Gardner 153015 BRIES A4 3L Al
B TE S B BT B B L R £ M A1 £ 195
T, X B XHE IR RS B BRI P BE O A
SERAE . ARSCHR T S S U 5, %o A 010
PR 5 AT ARG LA B X 08 BR324 T A 3 0 5 1
SRERLAT T 155 Z5e 1 (5 B, fEAT1E M He A
PR BT B8 T 0 RS S AR R

2 (FE5EE

ARFTJEVRN S A5 15 5 P A S ) LSRR
BEHLIS = (AP A5 5 BRSO N E AR ) A
PRS2 D 2 i P 3R] LAy ml 5 A 31 3 Bl B
fE T ARG, SR, V72 28 ad KoM Ak 31 1 B8
LIS AT Lk e B e 1 ) 9342 A i e T 50 4 il
(834, {51 4 3 15 {5 5 P 9 BPSK, QPSK , MPSK 4§
5 DAL RER B A At A AR Sl I 75 55, X T ok
B S S JE AR BE LA S B, A T S8
R 0 e S0 Dy E P A T Ak P R 3

SRS 5 7 AR i — o A, 2 — PR
AIBERLAE FE s (o) A — DRI E S o (1) MR T
), 1p,

x(i)=S(t)6(t)=S(t);Bke"'z""’" (1)

Hr, g, AR R W (o) BA S A2
FRAREEE , 00 0 S0 Esf 2 Y J R R A O RIS

AL FEDT e R BEVLE 5 &0 38 615 /1
DL, B (e)=s(t) cos(2nf.t) , HeHt £, SMARPR , X
P55 B 70 W DAAR G 1 1 P 380 9 1 5 938 15 15
MRS rp . R B SEPRAE O, (o) Hhad b 23 B
M, A,

x(t)=s(t)cos(2nf,t)+n(t) (2)
Horr, n () g 25 S50 v 0 0 M A e A, % 2 () 23301
K—Br, Zhgeitat, nT LIS #)],

E{x(t)} =E{s(t)cos(2nf,t) +n(t) |
Ef{s(1) | cos(2nf,t) (3)
E{x(t)x"(t—7) | =E{s(t)s" (t—7) cos(2mf,t)
cos[2nf.(t—7) ]} +E{n(t)n" (t-7) |
=R( 7)cos(2nf.t)cos[ 2nf.(t-7) ] +o°6( 1)
=R(7)cos(2n2f,t-2xnf.1)/2
+R(7)cos(2nf.7)/2+0°8( 1) (4)
Hp EL o | Raskggit-Fiz 5, (o) Fondtiiiz
B, r FORITIE o FoRMEFE (177 25, R(7) Fm P
BEALEFERY B A SC %, | (3) A (4) ] LIFE
L x () B9 EI{EA B AH OC eR K8y B A T B I AZ 1Y

Rk
3 HEiEfR

H () BORERY, A (4) ST RUR i H A AR
BRIRRCRT L3R 7S Sy I 2B R 8] B > | 728 i ) T B
R (z,0)  WERA [ AHSE R Y I SE S 520 0, I
FAMRRE AT LG AE R(O,0), Al fajic ol r (1) =
Efx(e)x” (o) f, B —A> 56 T a] i) e& %, Hep
B A BT E R IR R

FE— RSO i (4) XnT R, o 2 0 i, r(e)
eI 18] 5] A A0 B pR B, BAOnT AR () EA T
A LSRR TT

r(t) ::Z_ﬁkenn/u (5)

Horp N FR RS A8 TS 5% —
W 338 U 055, W50 R P R o S vy 3 310 7088 52 6 I 1) T
Ko RAXPEGE L — BAL G Ik Z B T 55
M PER . T A T RS E 2R E R, M
1M REIA B S A A A TR AR o 4 5, (0) = B,

e (1) = 2 s, () 5 XF (o) St el 7%

N-1

r(t=i) =Y s, (e i=0,1, M-1
k=0

(6)
Ly()=[r(t) r(t=1) - r(e=-M+1) ], H
M FoR BRI GE S5, (o) Fnik Bas s, W n] 15 3
WA
y(t)=AS(1) (7)
B S()=[s0(0) 5,(1) = sy, (1) ], A=
[0, 0, - 0, ], H—"4> MxN ByJufEs5 i, Hrp



774 & 5

b B $29 %

ek:[l e-/2n.//. ... e-.rln(M—l)/k ]T,k=0,1,---,N—lo
, = . .
Bery=lim—; ;sms, (1) Fonfas s.(0) fls; (1)

2 IR TS 46 F S0 s, (0) B2 SCHE A %4
r, P PE T THE T

) 1 T-1 .
ry = }1:2 T;Si(t)sj (1)

. L] T
=HmBB p gy (8)
X (8) AR PR AT15,
r={&Jq (9)
i=0,i

HOR y (1) SR 1A GHEE R A48,
R = lim - 3 y(0y"(1)

: 1 - HAH H
= lim - 3 ASS"A" = AAA (10)

Hpt A=diag (|8, [, 1B [Fyoes [ By ), F7R NS
foeEN B, [F,i=0,1,- N-1 fXHAHERE

TE LA 4 S A SR _F R A MUSIC 3436
TR 2R A T VR AR SRR R T A T, O,
X BTRAGI B AR 5 [ R HEAT 47 SAH 2 (SVD)
5% R=QDQ" B X5 55 5 a5 |45l K,
W EE D N-K A/ NIRRT I Q Ff Y RRAE 7]
H B — Mx (N-K) R U, &5 5 80R 9K 5
R a(f,)=[1e”™ - ™" T A AE A R

Bl f i o ] EEATUN T 3508 2R, T332 15 5 1
JE G ER A3 A
1
= 1
P(fk) a(fA)HUUHa(fk) (] )

TE S I P H i i e 6T IR A DG AR M R AT
vt BOHRE R 3 i 4555 ST R A R, 0
R; = lim LT;)r(t -)r(t-j)= }LIE 17

T—o

ﬁ%E%xu-wx*<t—i>}E{x*u-nx<t—j>

(12)
e TR 1A (12) 2B T L7 7%,
Ry= g S = ix(i-)) (13)

A x(t)=[a(t) x(t=1) - x(t=M+1) 1" K (13) 5K

W A (10) P Al A,

R=13 |x(0x"(0) P (14)

t=0

DL RS S Stk T R )
fEHTELRERAR A Iy IS R DL
SRR ATAL A 0 KA S TR LR 50
Rl VRS SO (A Rt

4 HEZR

P ER FBG S AR 2 (0) = s(1) cos(2mf,1) +
n(t) , o s(e) MFEVL= A BYFEFa Ly BPSK 55,
WEEE A 1, RAEAS R f, = 20kHz, #5703 % f, = 1kHz,
FR f,=2kHz, n (1) HIE A 0 fyINPE ST A
MR Hr 25 B A e e AR AR AR Ak, i AE M EE Ry
SNR=10log(o>/202) , Heth o Fmf55 s(t) T,
o) FRMBER n () DR, W SCERT 14 ]9 R T
ULk ks A

Rju):iT;x(t+T>x*<t>e’ﬂ“ﬂ' (15)

IHAE—ESRTEE N, LR IR o T8
ik o

ARSI HRG MR HCH 64 55 125 (M 4E 40 K
PR 3. FE{EME Lo OdB, PRAAKL T 9 S000 1 5%
PFR AERR L =f/2, £/ 2 JIEEEIA, LASH % (0] b
0. 02kHzit AT . AP T7 ik 5L 5005 1k Pl
THHREER G A 18] 1 A0 2 Fros , IR R el L
A TR — R x4k Hz A0 B T I, 5 P
EIRMIR 2f, = 4kHz FIFFA, LB 1 A 2 w1
B A SO A TE I AT R B A% G 07 ik
T, Eoﬁﬂ Tx AR AR S A

-10r

-20r

{[i£(dB)

]

-30r

JERIA

40}

1 1

Mo %% 4 5 0 2 4 6 % 10
JEL I B (KHz)
Bl 1 ASC R T Ab T OO E 3R

Fig.1 Pseudo cycle spectrum estimated by proposed method
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