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Stochastic resonance research with EMD de-noising under Levy noise

He Lifang Cao Li Zhang Tiangi
( Communication and information engineering institute, Chongqing University of Posts and

Telecommunications, Chongging 400065, China)

Abstract : Empirical mode decomposition( EMD ) method attenuates the signals’ energy and generates false signals in decomposing signal
noise, which leads to incorrect detection results. In order to solve this problem, a stochastic resonance method under Levy noise after
denoised by EMD decomposition is presented in this paper. After decomposed by EMD, the noisy signals are handled by overlaying,
averaging and resampling to meet the condition of stochastic resonance. An adaptive algorithm is used to optimize system parameters, and
then the processed signal can generate stochastic resonance in bistable system to achieve precise detection. The theoretical analysis and
experimental results prove that the method can detect single-frequency signal and multi-frequency signal under the same characteristic
exponent with the Levy noise. The experimental results demonstrate that the SNR of single-frequency signal can increase 14 dB in the
case of SNR of —28 dB. The spectral amplitude of the 5 Hz spectrum is increased from 311. 8 to 724 and 10 Hz spectrum amplitude is
increased from 138.9 to 143.2. This method that reduces the residual noise energy and false signal can improve the signal energy in a
complex noisy condition. Compared to EMD decomposition which cannot determine the signal components, this method can achieve the
detection effect better.

Keywords : stochastic resonance; empirical mode decomposition; Levy noise; multi-frequency signal

S MR SN, KPS ARSI A5 AU, i o TG 4
R AL A PR P R P R sk 7 TR T T B
F AT IE S B  u A IS S R T
PRI E S K U H AR TR B S, DU B2 W, AR B A RIS 53 (empirical mode decomposition , EMD) |

1 3]

T

ks H 19 :2016-07 Received Date: 2016-07
# FEETH  HR A RBIEFES (61371164) | F PRTTAS H 7543 4 (CSTC2011jjg40002 ) FIE PR T 2 b1 2 BHIFI H (KJ130524 ) ¢ Bl



£ 22 RIS R e R

3%

NI JEWRR . R R AR R M
AR AE SR, SRS E IR, BB B ARG S
e

EMD J&—7Ff LB 55 8 75 S e A Ak BRIl 2 kAR
FRfE S AR e 1999 4Bk Huang $24H . %07
R — RGN BA AR RHAE R 9 B ARy IMF,
3 g o 45 A AR A R AT, RE A B R 5 S 0 B
Benzi 25 NFEWFTE LR 0K 1 TR R4 H AL AR B
TEREHLIARBIE o, {55 AT | R GE — 3 I8 5 D[R 20
IR EURSRAS SRR o SOk 6 ]38 o — UORFE 5L B
A, SEIUR SR BRI IEAR 5 SCRR L7 1) AT o) 52 B
155 B R AR 1) e 4 5 SCHIR (8 i i 51 A S HGA F
XM RE R R ) 155 A8 D00 5 SCHR (19 1 3 o 3% 434t A8 R
HIF /N T RAE F A RAEHA Z [0) )i

PRSI T ARG 88 0] 14 7 S5 MR PR — AT F R T
e SCHRL L0 TIPS T o WA R Z W0 15 5 1 ) =
RO/ S RERLILAR s STERT 11 ] R A BE R IR 5 A DI 558 €
W TR 5 4555 SCHRL 12 T A Levy W77 S BEHLIL IR AH
et o A[RIMEFET (50 LU [R] , X 2% Rl ) F 5, e 2
JURWIFEE RIBETETT 6] o X T A% B8 22 Y LA B W 07 %
TEFEARMGE RS (TR I 23 W1 55 15 5 B, el R S B 2500 i
JETCIEAR BRGS0 B IX — 15 B0, AR SCER Y Levy
W P S P R IR i BE R IR O — BT A A
MT55 , B Rk SRR T AT SRS 3 i , 0] 20 PR AR
FRER, HUOH S HARMS 5 190 AT B i PO, i
i TUCRARIEABEHLIR R, 2 — 20 ) A e P e A
FA MR S aER, IR BRI 0 H Y. IR D7 B 5
[Fl— Levy FFAESRECT SRS 2400 R e 7 vk 09 A 2k
AFHFAEFERCT 2005 SR B BRI ECR .

2 Levylg=

W 75 LE R AL R R G0 R B 5 AE L, Levy M 22
— 2 LR (Sl v M A L K R RS
BTN I I B AR, S s a0 B S A MR 75 PR 58 . Levy M
PR o W L5315 bR BSORITRE 2565 132 ok BSURB AN A7 46 1]
BIFIRI, B G AR SRR

() =

exp[—a\t\(l +iﬂ%sign(t)log\t\)+iw],a =1

exp[ - a'“\z\”(l - iﬁsign(t)tan(%))+ i,u,t], a#1

(D
KA a e (1,2) 24 Levy M RAESE KL, RBUZ o B/
W P B J o e PR HE MBS . B e [ - 1,1] DX
WM ZH, 48 =0 BHMNKD DA, o €

0, + o) FHIRMEAE RERE, p e (-, + ) N
EROALES R Levy MR HYREHLAS B X 2 S g s
AifEl, S o (B p L o SR BE, I Hod i
CMS( chambers-mallows-stuck ) 77" 3015, A .
Moo # 10,
X =
sin(a(V+C,,))rcos(V-a(V+C (e
who (cos(V))l/f [ ( a;’/ M))] Tu

(2)
b VAT WAHE AL, B VIR (= /2, 772) 375
G3A, WIRMIE Ry —Fa 5o, Horre

arctan(Btan( q,/2))

oo = o (3)
Da,B,zr = O'I:cos(arctan(ﬁtan(ﬂa/z) ) ] -1/a (4)
Mo = 10,4
X =

2*" g (1/2) Weos(V)

wl (5 e ancn=pin( ¥ BV JJ+r 5

Levy M 1) Rt B AR AL R BE A AL A ABE 0L B ST g 7
PRI, M BT TR Y SR, Levy W7 vh 204
HRE ST [R] 23 AT P 5 5, a = 0.5 B RIR A1
a =1 HPIPYIME s « = 2 g oA, AN TR B0 A
[l 73 A1 o A B K D Bl 559 1 5 v Levy M7 S 3 %L
YERT.

3 EMD 7f#

EMD J2 ok SR R IR 75 1 Ty 1 22—, 3l el B 4
AR B (R RURE e SR AT [ A 9 sh A =, DA [ 38 107 32 456 ek 4K
SAT T A, A Ok AR T AR Ay A e R B AN eR B
(IMF) , IMF {55 53t v, 5 5 0 (A S A 2 5080 H A
GaiAHZE 1, S T A5 200 2 5% RS pR AL, W B 2 R i
e, AR T,

1) TS5 SR R A AR /M, 2 3 R S5 A 18
BAIE B N KL T E m (o L IFEHINR b (D =
x(p)—m, () NEREDE,

2) ARG BL N by R EE—AN IMF i, HIWT by 28R
T2 IMF F3it , NG 2 5 28 R i 4, 482 T ok by 1R
ifes, EE LB W b ke, #83 IMF &
oy Cod o T B v B2 o AT TG v

_ ‘hl(k—l)(t) _hlk(t> ‘2

> [ e ] <e (6)
Arfr: TRE SR, ¢ HTTHRIEEF (0.2 ~0.3),

3) A FIE— B IMFe, () B by (o, 1 (o) = xC) =
o (o B e, (o MEIRE S, REEE LE WA SR, 1%




o1

B ey () ,e5Ce) 0, () MBS r, (o, REE R4
0 r, Co B, i AT PURHE 5 20 i n DR
iy
5% s = AjsinQqf, ) + AysinQqf, ), HEAIE
PAES BN, A, = 0.8 A, =0.5,f =5Hz f, =
10 Hz, REESTE K 5 000 Hz, RFE &S 7 10 000, [F9HK%
SEFRETIRE AN 1 o R B RS AR, 8 R
{55 2547 EMD 2055 )5 IMF 3 BHan1E 2 s, ol AR
W3k IMF1 ANk 2k .10 Hz {55, IMF2 & 5 Hz, 7] L3 B
B ING SRSy, W R AR X e EMD B AN [
ATRAT 5 A o DM T AR A5 5 4. SEBR T
FEP AL Z P55 DL B R i e 7, O BLA M LA B
EMD I3 A 5y AR 5 1o e Al B X IMF 34 ik
TR , e Jim SE BURT A A I
15
1.0

0.5

0.5 1.0 1.5 2.0
IR i)/s

K1 755

Fig.1 The waveform of signal

o IMF1
= 1[\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/v
0 0.5 1.0 15
IMF2
& 2|:\/\/\/\/-\/\_/\/\_/\/\,
E 5 . : .
0 0.5 1.0 15
. IMF3
R e S
=15 0.5 1.0 15
5 IMF4
o F_\__/—\_
\g,z N | 1
0 0.5 1.0 15

IR ¥ /s

K2 JsURTES

Fig.2 The decomposition result of original signal
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Fig.3 The decomposition result of noisy signal
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Fig.5 Influence of parameter on stochastic resonance
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