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Adaptive Stochastic Resonance Weak Signal Detection

Abstract

Abstract: As traditional stochastic resonance methodhas low accuracy problem for weak signal
detection,a new adaptive stochastic resonanceweak signal detection method based on global artificial
fish swarm algorithm (GAFSA) is proposed, in which the global artificial fish swarm algorithm is combined
with stochastic resonance. The output signal-to-noise ratio gain of stochastic resonance system is used
as fitness function of the global artificial fish swarm algorithm, and the weak signal detection problem is
transformed into multi-parameter parallel optimization problem, which formsan adaptive system to detect
weak feature signal. The simulation experiments and the comparisons of optimization results are carried
out respectively in the Langevin and Duffing systems. Simulation results show thatthe proposed method
is efficient and feasible. Compared to Langevin system, Duffing adaptive stochastic resonance system
has higher detection accuracy and performance of the weak signal detection. Duffing optimal system is
applied to the multi-frequency large signal detection, which widens the application range of stochastic
resonance.
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Abstract:As traditional stochastic resonance methodhas low accuracy problem for weak signal detection,a
new adaptive stochastic resonanceweak signal detection method based on global artificial fish swarm
algorithm (GAFSA) is proposed, in which the global artificial fish swarm algorithm is combined with
stochastic resonance. The output signal-to-noise ratio gain of stochastic resonance system is used as fitness
function of the global artificial fish swarm algorithm, and the weak signal detection problem is transformed
into multi-parameter parallel optimization problem, which formsan adaptive system to detect weak feature
signal. The simulation experiments and the comparisons of optimization results are carried out respectively
in the Langevin and Duffing systems. Simulation results show thatthe proposed method is efficient and
feasible. Compared to Langevin system, Duffing adaptive stochastic resonance system has higher detection
accuracy and performance of the weak signal detection. Duffing optimal system is applied to the
multi-frequency large signal detection, which widens the application range of stochastic resonance.

Keywords: self-adaption; stochastic resonance; Duffing oscillator; global artificial fish swarm algorithm;

weak signal detection

B BT T3, B BRI e B K 122
S, HCH MRS T B 2,

g S R RIS TR OIS e om0, DR PR A 2

0 TR P05 R VA A

Wk H . 2015-12-30 B8 H #W: 2016-03-28;

HAIH 05 (AR IES(61671248), TLIRH A, HFENESBIAE RS, SR IrERE
PRI A (1310A400008): TR, M LRI AR AE R AR T DL, Tt

HEH R A ATIE1962-), B, ivipi4, i,
Bz, BT I A SR R AR S

BEHLIL R 28 G mT S e B I

http: // www.china-simulation.com

* 587

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 2, Art. 27

%530 B3 2
2018 4F 2 H

Bt L ILH% (Stochastic Resonance, SR)/#%: Benzi
SR 1981 4F N AR HWER VK | FELBUIE & VR 1
EHEE B A 2GR, MR Re AT Y 9SS
fes. ULAT, AHRZFEX—YE Langevin FEALHPR
AT T AP, (Afeszbe N R, A
AN Gy AN By R AR i e, R BEATL AR e 7 A
PSR, R YL R R HE S A
VERCIE, A e AEREHLIL IR AN, S e G
MBI S5 . Duffing JRVEIR T & REM = ETR
TG 10— AR R e O, R R R 1
SOOI 7R R e e 1, S5 BENLL R BNE, RefS
SEHUIRAS e LU TS 50T A (5w kill, RS E
PEiR .

TR [13 ] 5z e i 06 o7 2 A ek % i) B 7 22 A
TP H bR, 3BT I AR bR I B 3G N AL
e, AHUCTTIRERAE N, o 0 Ao B AE A, HLRE
SEPLR ST SCHIR[141 R FHER R HLHE 2 LRS
SRS E & N BENLIE R, 7EAH N A A ] A BE AL
PR T 10, SRR EIEAR, R AR,
FETERE AR, AFAEINR G B A ve ik Bak i), A
S R e SR A BE L Ak 2 240, MR 18 Y 5
EIE R8N 7 ), B AT I &5 2R, ANAE AR IS
oL, BAHAERS AR R A TR
I . A s N A 5 (global artificial fish
swarm algorithm, GAFSA)"LEA 50 [ & i A »
AT SR AR AR R G R, B e 1) A P R A )
WS o« A SCR T4 g N A RE SRR AL B3
P R G0, 6 HIBEALIL AR 45 12 b I A o f e 5
EENFE R, SR Matlab 15 3015 0 REe it
VG BN S T S5 ARSI T 2 %
WA BEN VIR R G, M RGESH, S
CONEREy il

1 BB

1.1 BENLIEIR
Duffing BHLILYR 5 G FIH 5 26 IR eIk A i

ARG HAR

Journal of System Simulation

Vol. 30 No. 2
Feb., 2018

Ry AR, MR 5 A 5 RS 5 AR AT UL
B IR 7] SE I AR 59 15 5 (AT o

Duffing FAHLILYR RS L Duffing JRIEIR T4
KA, RN

X+kx=—dU(x)/dx+s(t)+n(t) (D

KF: k HBLJEL, s(OFFHIEE S, n(t)WEF,
PRI U(x)=—(a/2)x> +(b/4)x", HAR T &4
P AME x = 2fa/b YR A AE (=0) FEI XU
RE, PREEN AU =a*[4b o 45RO 15
WA, B RLKIGIE A, =\4d°/27h « 4
fE5MRME A< A4, 0, F5 00 # 2, Rkt
MR RINIZ 8 U S IRE 4> 4, B, {55
U 75 1k B A AR T, — 3 e s R e B 35
b, RS AEPIARASHRTE H BRIT, BRI RZHEA
SR R, ()T A

X+ kit —ax+bx’ =s(t)+n(t) )

K (2) N — 4k Duffing #ik FBEHLILREA, Hrp
¥OAMEDL b NFHJELE, ab JERGRIE AL,
a,bk FEYE BENLIL YR R GG 5 VT IE ) e
SR, B BEA MRS P ERENLIER N . R4
TEL eGSR, Bk X o] LAZ2mG, 4 k=1, N
K@)

X —ax+bx’ = s(t) +n(r) 3)

A(3) LML) —4E Langevin BEHLIILRIETY
2 QMG ARG SN

sn(t) = s(t) + n(t) = Acos(27 fyt) +~N2DE(E) (4)

K@ FrTIIE S s(r) = Acos(27 fit) »
5 5L n(r) =~2DE(r), D EMEFERE, E(r) &
PER 05 J5 250 1 sl s

1.2 ERANTABEAEE

A RN T A B SR AR e A 5 O g
PiAAACEE, W SO 5t SR JBRAT
Hy EESEM AR,

2 X =(x,0x,) Kox N L ARE W&
x(i=L-,n) HFNER: Y=/, X)AHNLH
AL e s . v FRoREFTE L, L AP,

http: // www.china-simulation.com

* 588 ¢

https://dc-china-simulation.researchcommons.org/journal/vol30/iss2/27

DOI: 10.16182/j.issn1004731x.joss.201802027



Xing et al.: Adaptive Stochastic Resonance Weak Signal Detection

5530 55 2
2018 4F2 H

tn B ZARNE, o APNHFEEN T o LU AT
H B X N T A S EPRES, Y, o Ry
WL

TAAT s A2V ARERE MR X, S AX)
WS NEIRIL Yy, Y, >, WX ] X 51
s, W EPEHCRE . RE W o B5, 1
ANl AL TR, BN

AT MRV ANTAEH o df 5T
@&Ea:iX/WOM%nmgxm,%%¢

j=1
DEYRA, W XAE X J7 ks, 15 NHAT
1T A

BRATAH: MRV ARKEWIREME Y, W

R YinpoY, FW)XAEWRL, WX R X

TFARE, AT AT N o
2 ET GAFSA [ Bi&MN YL ILYR

15 W LE Ay R B LR 0N 1) = LR AR, AR
st Lt 19 2 2 A I 4 R S 1 P e A o £ B
WUILIRE IR G955 7, RESHRZ NN
BEHE, sSR!, SRR L R SR 1k
BHEZESH MM ETAERH, HA—2rHR
PE, DRIL, EOE A BRI R R UL A 2 4
SR S5 5 (R OCHE . T L —4E Langevin
F 4k Duffing BHLILR R IERE, EHUE
M LU 3 25 46 9 N A SR B (R H AR R ), 52
I & Y B RTES 15 5 A

15 M Lb 1 25 e
W ®
X (o), ,S(@),, AN FHE S
WELE o M EIE; Sy (@),,,Sy(®),,, 733 HHEIA
it TR AT 7 P DR . A U R e e 25 KT 1
i, AR BEALIL R RG0S 5 B ek R,
I HAZE LR, A5 54 Pk e L«

GAFSA SR ik i 4R AN T,
PRSI E 1 R, HARGDIRATR

SNRI

ITIE, A5 HIE N RENUIR S S Al

Vol. 30 No. 2
Feb., 2018

(1) VIS EOR N T A BEIR T

(2) BENLILHRAS e L3 25 1 0 H AR R 3, 1M
NTAEWIIRIE Y=fx)o ARG R I K IR
Yoese ST NN TAONTE Xy VN JTLIARN T
AP

() LN LfafL @AM PAT R R B2,
ATy, JFHR H CRPIRES .

(4) AR A LA SRS IR 1) 5 X e TH LB
FEMH Yiew WHEPILRBRN LA YV, LW, #
Y o™ Yous » SEHTIR N T A4 1) RS
B, 7 LR B AH A R

(5) B N LA sE)E, EARRE+, HR
LEN MR E3), A5 AT (6).

(6) %t e N T Xpe( @, b/ a,b, k (AE)AI &
VIR IE Yo fR W LEIE 2R), RFAAL IS IS EZIAN —
4k Langevin R4/ 4k Duffing 248, S HIEMN
BEHLILIR GG 15 5 Al

sATENEES
REHEE
M=60; N=60: t_n=60; V=3; L=0.02; i=1;
crowd=0.618; %AHFERETF
gafs_init () ¥R A TEFEE
foodconsistence=SR_SNRI() ;
SR EIRE (B ERLER R
[Y, E]=max (foodconsistence) ;
Ibest=[E(a),X(b), X (k) ] ¥HTFIN
Yhext=Y; ¥iigic®E (AEENAIBEERD
if (i<t_n)
switch (gafs_select () )%IEETH
case conditionl
gafs_prey () %HITEE{TA
case condition2
gafs_follow() XHITEETA
case condition3
gafs_swarm() ¥ ITEFITA
end
Ynext=5FK SNRI{al,bl, k1) %t EH S EMTE
if (Ynext>Vhest)
Yhest=Ynext; Xbest=[X(al),X(bl),X(k1)]:
xIAFEER. HiT (A FH
end
1=1+1;
end
B 1 ANTAafhibssk
Fig. 1 Artificial fish optimization algorithm

http: // www.china-simulation.com

* 589 .

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 2, Art. 27

%530 B3 2
2018 4F 2 H

3 ZREREHH

JLF GAFSA 1M HIE N B LI VA m AT
PR BIREHL IR R Gt SRS 5
RGATAERM S I . NIUEZTTVER AN, 1
NSHEFR NI 6 ARG, 7/ B e
Langevin R4 H1 Duffing & 4cH BT B SL K
FT, (AN B P 2R 8 PR ARG D RE AN O &5 R

3.1 ZBHJE Langevin &4

PIEBRINA3), RERMESE a, b A
BUE 22 B AU, T B0 RSB Ace a 15
K, B2, REBEBK: bk, #Ha
e BEAAR, REBMEMN . BRI a, b 2 mBEHLIL
PR ARG K S S A T IUEA S, IBEHL
AR R AEAR,

HI RN A AN, 250 a, b BUEARAN, N

Amplitude

0 200 400 600 800
t/s

() FNGSHIE

Amplitude

0 200 400 600 800

ts

(c) iR SPoE

ARG HAR

Journal of System Simulation

Vol. 30 No. 2
Feb., 2018

THREEENNE, WENTASH: V=3,
L=0.02, R M=60, I R8K3 ¢ n=60, A
U N=60, JHIER T 0=0.618. £ TS HEH
a€[0.01,2.5], be[0.01,2.5], FHUHKEN 0.001,
DU NS SR A=0.18, M98 D=0.3 M,
BS54 £=0.01 Hz IR 3%45 5, BURFESIR
fi=5Hz, WK h=1/f, KAf 545 N=800, KH
Runge-Kutta 575K fi# Langevin 77 F8, B 10 XV
KifE. B2 2SS T Langevin BENLILIR R
G A

U 2 P, B IGO0 A S 7
o, CIEE ML E S, 2 N T Ayt
PR RGEAL BT, FEI 2(c)kam A5 St b, 3L 1)
oy e o, g g R 20, TR
0.01Hz AbHEIESE Y, AR S i .

1 000
[*]
o
Ei
= 500
£
<

0

0 0.05 0.10

JIHz
(b) FINAE T A
1 000
¥}
=i
2
& 500 F
=)
<
0 l'“".ﬂ-ﬁ-;—u—.ﬁ—l’l o
0 0.05 0.10

/Hz

(d) A5 S0

K2 AL 340 Langevin BEHLILIR R4S

Fig. 2 Aurtificial fish optimization Langevin stochastic resonance system

http: // www.china-simulation.com
*590 ¢

https://dc-china-simulation.researchcommons.org/journal/vol30/iss2/27
DOI: 10.16182/j.issn1004731x.joss.201802027



Xing et al.: Adaptive Stochastic Resonance Weak Signal Detection

5530 55 2
2018 4F2 H

AFAESIR AN, N SEGEE A, H6
A NG S IALIBATRER, e e = X B L
P, HAERE L AT RO B, I, xRS
T BRSSP arists 10 4k, T
FEIE, HEIRICRIER 1 Fs.

#* 1 Langevin BEFUIIR RS T S L4TR

Tab. 1  Optimization results of Langevin stochastic
resonance system

ITIE, A5 HIE N RENUIR S S Al

WMIANES  SNR, a b SNRI  SNR,.
A=0.10

-17.6029 0.827 0.710 3.6998 6.5203
D=0.15
A=0.18

249884 1.002 1413 53798 5.7055
D=0.3
A=0.2

221615 0.874 1.109 52676 4.1766
D=0.35
A=03

-16.4462 0.611 0.748 2.6950 9.7028
D=0.32
A=0.15

-19.5304 0.736 0.893 49775 49102
D=0.28
A=0.08

-36.6122 1341 1985 3.7346 -7.7329
D=0.35

PIAEZ L], GAFSA MALBENLILYR S Hfie
i e AR i A T B, e e L 2R 3 KT
1, RURGAE T HA —EMEGEERH, A
WA S N sn(t)=0.18cos(2*7*0.01%¢) +
JO.6E(1) (B A=0.18,D = 0.3 ), {0 L 436 25 45 5
A 5.379 8, N HH AT e LU 20 5 R Gl HH A7 T
tt: 5.705 5 dB, LG AEM:EL S 30.6939dB), 14
L) GAFSA SRR = . 2 A FIBAT Y
ARECK T 26 I, Sk, nl WAz ik lest
3.2 Duffing &%t

{1 EAEARY N X(2), &5 Langevin JTREAHLL, RSt
Wy 28 k. BB & SR IORHRLFz 3l 1
TVEH], SR BRI A S L, Bt I P 5 B2 1)
WK, 7oA SR AN LB JE L k EIE K. k1E
BN, LT, {0 b R A 3
JEBN, 2 IMRe HIE, k /2 Duffing 5% SR
BESH, NS a,b BUEAR], k (IR R AR .

Vol. 30 No. 2
Feb., 2018

1T Duffing ZR&H =28 a, b, k, 8435148
W, g, ik e, S5 ab 4,
15 I g5 1 e AN LS HUE, I ERIL R SR
ZHE: A E SHORIAGER, 08—
PEA AT fE Ok 25 S e S A s TP, R A
i 6 41546155, H GAFSA T Duffing &4¢
a, b, k =%

45 E % Langevin £ 48 A1 Duffing & 48 AL
B, WIR N TAaZHE Y Langevin A .
¥ Duffing 75 #2 b ML 3L % R G 455 -0 2 B0 [
a€[0.01,2.5], be[0.01,2.5], ke[0.01,2.5], TPk
FEA 0.0010 HUHL 10 CPIME, SRS RGEH ik 2.

% 2 Duffing #& T-BEHIIEIR R G T FH0 45 4

Tab. 2  Optimization results of Duffing stochastic resonance

system
BWIANES  a b k SNRI ~ SNR,.
A=0.10
D015 0226 0.691 0315 42103 13.1461
A=0.18
D203 0304 0571 0402 83675 9.9863
A=0.2
D035 0.151 0469  0.129 73369 8.1965
A=0.3
D032 0.077 0235  0.165 42697 13.6026
A=0.15
D08 0.046 1385 0452 50011 72703
A=0.08
D035 0243 1313  1.008 56587 -3.3040

XL 20 2 1w, AEAR R A A A e LL R Dl
T, ANTAF4L Duffing 4i& 1 FEHLIE AR R G080 %
UfT Langevin &%4t, Duffing Ml LIk RS (G
W L 25 45 KT Langevin 245, R —4E Duffing fifi
PR R G AR L B 4 )45 5 Kl PEBE: Duffing
Ptk R G 1 5 e L34 = T Langevin 248, 1
W4y 5 dB, Kk, GAFSA 31 Duffing £4; 3
ZHREE IRAG AT (1) B 3G Y BEN LIRSS (5 54
MRS K34 7 AN TAP Duffing B R
ARG —A g R A .

XL 20 2 1 A, AEAR [R5 A A e LL R Dl
T, ANTAATL Duffing 41 FENIILR RGO

http: // www.china-simulation.com

* 591

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 2, Art. 27

%530 B3 2
2018 4F 2 H

UfF Langevin Z&%t, Duffing FHIILHE RGeS
W LI 35 35 KT Langevin 245, R 4k Duffing K
PUALHR R GEAAR T ST (45 5 Al P 8 ; Duffing A8
ARG r A5 e EE 80 T Langevin R4¢, 124
45 5dB, Mk, GAFSA 34k Duffing £t 3 2%

ARG HAR

Journal of System Simulation

Vol. 30 No. 2
Feb., 2018

e 3, et TR H, AAA RIS HAT
A, Fe ETTROTEHM AR, N R B
T2, Lh4=0.18,D=0.3 }#l, Duffing &
Gib N5 L —24.9884dB, WK 3 A7 N TR
(N LIRS M), U005 fnth 15 et oy

[ElzEan=! 0 E & MW T B =5 \T:n /\éi\:o =N == 15 pey 2%
HESRAS B4 1) 38 N AT LS R B 59 45 5 il R 42 9.9863dB, 115 T 34.9747dB, %y H = L 125

..(.:ﬂme-pgaijagL«,:~ :’D:D]EEEnx 8.3675, %gfiﬁ$%1t§§&{ﬁﬁa=0304’
P - b=0571, k=0402. {EARFEERKEIHENT,
£ gafe_swarm.m a 5 N y > N fts o =
,im;wm . 20 " glmﬂu bk :J'"’ BAT 10k, PGESRRI, RERNE 5 H .
’ F S = it (LA, (G LLI2E . FIRBHAE a bk
M R—5E M, W Wil T RS H & N

SNRout = 9.986302589
Xbest

MR EE. B IE N REAL A IR g Rk 3
A b, B4 0T S ORI, ATBAE
FRALAS 5 A ot

a=0304 b=0.571 k=0.402
Yhbest

SNRI=8.367549625

Kl 3 RS R R A 1T (A=0.18, D=0.3)

Fig. 3 Operation interface of optimization results

4 1 000
[ [
E Ei
E‘ .—éf 500 -
< <
—4 . . . 0
0 200 400 600 800 0 0.05 0.10
t/s fiHz
(a) FIN{E S (b) NG Z A
2 1 000
l L
E E
20 ‘g 500 +
£
= <
-1
-2 L N L 0 Hlu\_."l IL»wKJLA
0 200 400 600 800 0 0.05 0.10
t/s fiHz

(c) HmHhifE 5 ¥IE (d) 5 5

K4 ANT.f548 Duffing RGHENLIILTR

Fig. 4 Artificial fish optimization Duffing stochastic resonance system

http: // www.china-simulation.com
*592

https://dc-china-simulation.researchcommons.org/journal/vol30/iss2/27
DOI: 10.16182/j.issn1004731x.joss.201802027



Xing et al.: Adaptive Stochastic Resonance Weak Signal Detection

5530 55 2
2018 4F2 H

XTECIE 2 R 4, ARG P A IENBENLR R 48
BIRer I H IS RAEfS 5, {H Langevin RG4S
W LG 25 I F AT, N B AE S LR A BRE, Sh
PR SEAGG HI, Langevin FEALILR RGAE
SRR TR N =2 2R . 1T 4(c) Duffing $= 7
BEBLALE 3% A5 5 O A s S, R
Duffing FENIIAR RGAE R LS, BB
PERE, B 4(d) o RIS S TR B ORS ) 2
F Langevin £%5(/ 2(d)), 1] GAFSA 7% Duffing &
P UAE Langevin R S REATLH HIE A REHLIL
PRGN [FI 3], Duffing #ik 1 3 245
PRFI R GEVURC S BT Langevin R4 2 50548

4 ZBIKESHISE RN

PR LA, BB 9 (E T A LR ZHK
{55, WGl o R, R 95 Fa S 5 2
IE R IRENAE 5, T KB R A 3R A 5
T I 22 4545 5 (R S FH 5 R FH BB LS Ay I e A4
)4 G5 7 1S A R A 5 AT RS AR 4, SR
B RIETNEERY R T RERIMSHEE ], (He 2
SR RUE AR e (R AR UL T 224 — 5 IR L, LR TN
Mo MR, SRASRESITE, 45
GAFSA, LS RAUE 5 1 EE R A I, LAY
Pk ) Duffing BEALILSR R0 07 B, 51N
FEHIR e(t) =cos2r f,t) » N(6) MIRAAE T o

sn(t) = Z A4, cos(27 fit) +~2DE(r) (6)
i=1

sn(t) *e(t) = (Zn: A cosLr fit) +
i=1
N2DE&(t)) *cosRr ft) =

n

Z%[(cos(zz( £+ 0+

l 1(:05(272'(fe - 0]+
J2DE(t) * cos(2x £.1) (7)
KD (f; + £,) A miifEG =, (f, - )N
BAEARASUE 5, ARURZTVEE R, W n=3,
WKSHE T /=28, ,=45, /=50, ¥ sn(t)' * e(t) 1F

ITIE, A5 HIE N RENUIR S S Al

Vol. 30 No. 2
Feb., 2018

HIREH TN KT GAFSA ) Duffing BENLILIR &
g, RFPMListr 10 W, PRSI RN

a=0.335h=0.494,k=0470 , F 4 i H m &
£, =[28.04002,45.009 53,50.080 21] (15 K5 & b
0.01), Akl 5~6, s SMERAE MRS, A
SR S, A5 T LR AR B A
K, FARYE =L B E R I s B A, [
£i=28.04-0.04=28, £,=45.01-0.01=45, £;=50.08-0.08=50

21
Eo
-2
-4

0 50 100 150 200 250 300 350 400 450
ts
(a) FINMESHIE
0.4
031
S02¢t

0.1F

0 | ! !
0 10 20 30 40 50 60 70 80 90 100
JfHz
(b) FNAF 54
K5 205 S LR A A 15
Fig. 5 Input spectrum diagram of multi frequency signal
stochastic resonance
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Fig. 6 Output spectrum diagram of multi frequency signal
stochastic resonance
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