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Self-tracing-frequency control in weak signal chaotic detection
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Abstract: Chaotic detection can be applied to extract the weak sinusoidal signal submerged in noise background.
However, there are few effective ways to construct the chaotic detection system for detecting a continuous frequency band
signal. We elaborate two chaotic detection methods, the fixed-threshold-value method and the floating-threshold-value
method, and analyze their advantages and shortcomings. On this basis, we propose the multi-frequency-band threshold-
value transform method to deal with the problems existing in the above two mentioned methods, and design the self-
frequency-tracing circuitry accordingly. The operation of this circuitry is validated by hardware experiments. Experimental
results show that weak medium-low frequency signals can be detected from the background noise by using this method.
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Fig. 1 Relation curve between thresholds and frequent of

excitation signal derived by Melnikov method

Pl i il 2 S S B S T BV Y, S A A AR 1)
WU w = 1. LEIZ I ZEN, S5 A B 2Um T
e, MAESLAT B, B P T A2%, Bkt U ek,
YA > 16 B, BRI S, 65 TR
FEL B PR VRS I R 4817 75, AR mT e DRI VR ol o) (L H 8%
A FA i L R 1 T 1 G 25 S vy A R A 0 1
TR
2.2 SEM{EE(The fixed threshold value method)

5 FE (L) A Je 38 2 R s i) RO A e, Al Bty i 4
INBEIN A2 AR 41, HLE TSIl 2 g il i &
G0 J5AT AR TR FE AR, TE R RS R 4 TR
. AR R R 2 XD e = 1, IFHAL R
— W e AR Iy TR

=y,

2
= —ky + ax — bx® + ycost. @)

4t =vr, Wla(t) = 2(vr), X&z(t) = 2(7), W
(1) = de(t)  dz(r)  dz(r) " dr 3
W= T T Cw @
dr 1
oo Lode(r) 1
z(t) = » X 3 x Z(T). @
H @) AT T2 (6) ik
aoy o d@@®) 1d de(r)dr 1 .
=0 “ et a Ja = 0
)
B @-GHAR (D
Z}E?—l—k:'i X Z(t)—a-z(1)+
b-2*(1) = ycos(vT). (6)
JREI .
(1) = v (—k- ~ % Ar)+a-2(1) —
b 23(7) + vy cos(vr)). (7)
4
(1) =v xy, (8)
By = = x 2(r), W
Y NS
i) = - % 2(7). ©
PR DARNA (9) IS 2U(8) rI AR TT 2
2=V Xy,
{y = v(—ky + az — bz® + vy cos(vt)). (19)

L, SR@Q)Ze a] R v A 515 210(10), A2 HS
JIREIIPE TN (2) 2 Se 4 B, (R Caf )l
T v, KX iR A Duffing 5 2 FHATR 1 AR VI
JURAR . TN AN A Ty RE I A VRS, B A2 4
Jei BB AR Ay v 2R GE R B (A J5 2R Sed i i
LR E AN A LE AT 3B A v, MR (10)k



252 E T I o

5 N A H31 4

AR RS, W2 e R B Q) B 1
(1) BT — B0 A A2 S 22 A3 TR VRS DN 1) 7 1
.

BIRZETE FIRAR S T 2 SR (1) B i 2,
H2 A0 ] LUE Y, XA AS R U R v,
R LEHOF A S Z UL A R RVR R . X — 5
L) G TRV PR (RS I R G 5 R 1y i il LA R
D] Ay F, i — MR A2 3 o v 5 R H BEL R DL E 5 £ (10)
(RvAE, T EARFOON AR AR I A kAT
AL BH A UL EC L. AR, X L BE S IAT PR AN i
(RIAST N, SEA] 300 2n SR % EE A ARG JE, R A 2
[ 1) 2 SR PRI 0K, EH I SRS AT IR
2.3 4y 40 B 3t 3 A AP #t i(The multi-frequency-

band threshold value transform method)

T ARSI 7V A PR R A AR i
(1), AEAT AR A0 A7, i 2 TR T A I A 3 7 9 1
(1), F R A B (e A ORFFANAR. i SR B IX W D 7 v
(A2 G R, TS A AME AT LTS 21 B 48, 1 B
BEAT RO 4 58 . 2B # 2 3E | 7 ELASER 34T,
A IEA VA ATATIN. A T R84 1) R RV A AR
(RN 2, AL B Seon 2. 2715 HE 3 I S5 1R A — R R e 4.
FHDuffing /7 #% [F A5 1 1) S % 0 () FRORE AR 466 J 3,
AT DA A 2 G Can =000 I 7s) 28 48 21 55— il
Fw b&, BRFEAETOR, Ha R (12)r:

T =y, (11
= —ky + ax — bx® + ycos(\ - t),

z2=v Xy, (12)
= v(—ky + az — bz® + ycos(wt)).

Xy = wh, WIEA LR LLE H, XA DF X
(12) 2%} B T v 53 R AR e, R GEHIPE T
THSRARFFAAR. 12D ML, BT WS ZE 1K )
BB wiy ~ Wip Mway ~ wa,, HLIX PR AN A3 B (1) 9%
?\y‘jl w21/w11 = wzn/wm =, ﬂﬁﬁﬁiﬂuﬁjﬁfﬁ
(12) TR AR GE I LU 250 A ARA'E il AEALE
D) FPRTE B, JXFE—R, MBI AR e f5 vl
DAFEFH — AN B R TR P AR i B A B i wsy ~
Wan, Hwsilwi = wyplwr, = 12, A0 LR 2 fi?
RSV R G, A2 RN 2 BB A 1 ot — . JeAd A
B LR, p SR A3 % B TR JC B, m] A
B R E AR ok v BB, Hel: Rw =1 ~ XA >
DA—B, WA RSB AN ~ A2 A% ~ AP i
HAUBLIR RETT, Aty i R AR 328 T 14 K. [ 2. 1744 1)
AL BRI R R, AT A AFEARE Bw = 1 ~ A\
> D) HIRMERE 52— RN R 3D, &5
B BRI AR AL B, P DL Brw = X ~ A%
R Hw = 1 ~ A\ ARE, X5 ol eI
AR B ERAE AT AR S

7% 8 SIS I P A B L R A PR
7 U IR SRR B, 03X FLA SO LI R AT 28058 TR
TR PR A BERR A BEAIEL, TS A28k b1 i) o3 i )
LK HARATUBE AR e BIRZHARBE bR AR &, 3N
TIERR A G ARBEL B A4

WEITEA)MSE L =05,a=1,b=1,%
WO hw = 1 ~ 3, Bew AT MRS B2 A1, 0k
M3 NS ~ 9,9 ~ 27, 27 ~ 81, Il i $fH J7 723K
P35 ARUBL T B 40 11 2(a) s, FEIZ I AT 0] B A
A — AR FE AT 75 3 ] 2(b). £ & nT DUE H a4 A
BULEEAR %, fett HIHARBE R TR B (8 S EIG
AL Ia] ARV

07T 717 71 T T
A pi
8 ; i i q
I L i
e [ T R z :
= H I / H R H :
2 0
5l i/ s
i VN7 N S
oli L i i
0 10 20 30 40 50 60 70 80
(a)
1 T T T
Fe B S B X 1 -
& BB w X3 ¥
T e 3B X 9 yod

T RAB w X 27 ¥

FR
A"*

i

s

TR
CO—NWAULUANIXOD

.5 1.0 15 20 25 30 35
UL TES
(b)
2 IHRAF BN S IR B DG AR 2
Fig. 2 Relation curve between thresholds and the multi-
frequency-bands achieved by mathematical

simulation
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Fig. 5 Experimental measurement results for a 100 Hz signal
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