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Fig. 1. Triangular pulse detection diagram: (a) Original delta pulse and noise-added delta pulse; (b) delta pulse waveform after sys-

tem recovery; (¢) time domain output of two oscillators of the system; (d) phase track diagram of two oscillators of the system.
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Fig. 2. Effect of strong coupling oscillator on the detection

of high-frequency triangular pulse.
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Fig. 3. Effect of nonlinear restoring force strong coupling os-

cillator on the detection of high-frequency triangular pulse.
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Fig. 4. Effect of dual-oscillator strong coupling system on

the detection of high-frequency triangular pulse.
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with the frequency of the detected signal.

HIE 5 ol AR 2, ARSI S RS BKhE
AR IR — 2K, [ RE N BRI, B TE>
AGEAR, AL AN 8 BOC I A TR R AR 4y,
2k SRR F: F A DK 5 S AR, &
WO EREAINI/-RYEN S U ISR TN/ SUL EREE T ES
B, RGO K P SRR RO M. I P 1

i AR 55 IR BEAIRRT, k5 5 % R G 3%
JihfELEIRFAE A IEZ A B R AR AR, Bk 551
W B2 AR A e f KRR AL B b, AR T-258
AR 77 A RS 25 S B A B WLt A\ IOk o {5 A
TER AN IME S IR m i, b s 5 RS
WA HRB LR T AR B IE S N R AR AR X 2
INFKARFRASHIMERE, YT A: R AR 22 R R RS
Wk 5 SR, BT LMREAG S SR H. RZMi R
TR AR T AR TR & R G ilhEE 5| A
LMK F1FEE UG A Van der Pol-Duffing
T, ol s ANy =0 e T kS R A
RIS R P RE. t & 5 FTLIE ),
TEZ SN EHUE R 100 Hz S M T, SR8 ST
HBERLIN 34 Hz ARk {ES, AR IEE S
FE LG K A5 5 9 AHOC REGR F 0.9, TidEZed:dk
52 1R MR G YR RT USRS ) 125 Hz LAY Ik
WG S IIE, WIRF A& R G0 AT LAXF 270 Hz
DA 5 SE PR R A 3 B R G0 P R A
Fset s TUBEFRA PR A AT AL A 0.34 fer , AELR
PEMR B 7 38 AR A PR TR AT 3R 8 B R 1.25 fer, WL
PRTF IR A RGEAMARIE B ), H 2.7 fer -

P T TR RSN fr) S B AN st AT A5 e,
AT A PR AR T X 5 2R 58 BT AR I Y
HPRAT 5 1) R B R, SR A A A S A
T, IrUAE RGN BRI E IR, IRIER T3t e
I — S A R N A5, L SR A AS ] i
NG, T B AN WA N AR ) T O adE
TR, AR MK J 75N & 4k 7 FOSUR 5
G RGUARX T & I+ KRY e 17Xk i {5
S ARSI ], X R R A FE A TR R B
TP TR B AE RIS ST . ARSI TAR AR
AR T 3 TR Tl 7 A 114 45 K S P 4 o —
E S oL R T4l W RN = i (L B U R AR AVes 2 S
T AR R G EATUR AR, 3R E Rk o
SRR R AR, 22 J5 PRSI () 47
FHOCHE, 4 RGeS kw55 A K i 5 -5 1A
S Z BRIl M A AR R DG SR B T B, L)
FUF S R S AAENKE 5. kAU Yy R
WE 6 iR, IR REERNE S0, REM
BN R —FRINE TR, RESKX—RINGES
SRR TR BB, DU TR AR AR
R BN NG SRR AEEL, 1 KIS 1%
FAPRA Y FIGRAG 5 BRFERT IR, 2255 R

040503-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 73, No. 4 (2024) 040503

FEREERIIEOL T, RISERCT RGN AR SR
PATR SRR R0 T RGN ER SR 2 TR
G k5 1 e AN B Ok A= A2 Ak, i AT 2t
FBERAARH | B SR AU R TT 2R A
ARRGEREIOR, 1] LA RE 2R GE R N EAIAR K%
AT A B A I 24, B G 2 B0 15 5 A I i g
LU0
2 G ) G
N[V Y
RS

li"é'kaﬁ%ﬁ%

Prag
- .
4 \
\

N ,
N / N /
N ’, N ’
. . . .
~e- ~e-

RGNS

Prag
- .

/!
! | |

6 ARRA R ]

Fig. 6. Schematic diagram of variable iteration step.
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Fig. 7. Flow chart of detection.
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Fig. 8. Variation of detection rate of triangular pulse signal

with signal-to-noise ratio by coupling systems.
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Abstract

A strongly coupled oscillator can be used to detect weak pulse signals and recover waveforms, but its
detection frequency of weak pulse signal is limited by the system’s built-in frequency. With a fixed built-in
frequency, the system can only effectively detect and recover pulse signals in a certain frequency range, and
waveform distortion occurs when pulse signals of higher frequencies are detected. In this work, the relationship
between the built-in frequency of the coupled oscillator and the frequency detection range of weak pulse signal
is analyzed, and two kinds of improved strongly coupled oscillator structures are proposed to extend the
frequency detection range of weak pulse signals. By introducing the nonlinear restoring force coupling term, the
nonlinear restoring force strongly coupled oscillator can effectively retain the high-frequency component of the
signal, and can also better retain the signal characteristics when the pulse signal is input at a higher frequency.
By introducing the Van der Pol-Duffing oscillator, the two-oscillator strong coupling system strengthens the
stability of the internal structure of the system, and also achieves the effect of expanding the frequency
detection range of the pulse signal. In addition, based on the variable iteration step size and frequency
correlation of chaos detection, a method of detecting unknown frequency pulse signals is proposed. Instead of
changing the built-in frequency of the system for frequency scanning, the method of changing the iteration step
size is used. And using the frequency correlation of chaos detection, the correlation coefficient of the received
signal and the recovered signal is compared with the correlation coefficient of the pure noise input case, then the
pulse signals can be effectively detected based on the apparent difference between the two correlation
coefficients. It is verified by simulation experiments that the proposed method can effectively detect the pulse
signal of unknown frequency, and the proposed improved strong coupling oscillator has a greater performance

improvement than that of the strong coupling oscillator.

Keywords: strong coupling, nonlinear restoring force strongly coupled oscillator, two-oscillator strongly

coupled system, weak pulse, transient pulse
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