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Fig. 1. Three different waveforms of the binary aperiodic signal under the same signal amplitude and pulse
width (A = 0.3, T = 20).
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Fig. 2. Curves of Cs;-B are obtained under different waveforms of the character signal and different fractional order
values. The simulation parameters are a =1, b =1, A = 0.3, T = 20 and 8 = 10: (a) o = 0.4; (b) o = 0.7,
(¢) a=1.0; (d) o= 1.5.
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Fig. 3. The optimal AVR output corresponding to different fractional-order values:

(a) @ = 04, B = 0.75;

(b) a=0.7, B=1.2; (¢) a = 1.0, B=1.45; (d) a = 1.5, B = 1.55. Other simulation parameters are a =1, b =1,
A =0.3, T =20 and 8 = 10. Thick lines in red color is the input character signals; dashed lines in black color is

the output corresponding to B = 0; thin lines in blue color is the optimal AVR output.
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Fig. 4. Curves of Csz-B are obtained under different amplitudes of the character signal and different fractional-order values.
The simulation parameters are a =1,b=1, T =20 and =10: (a) a =0.4; (b) a =0.7; (¢) a =1.0; (d) o = 1.5.
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Fig. 5. The curves of Cs;-B are obtained under different pulse width of the character signal and different fractional-

order values. The simulation parameters are a = 1, b = 1 and § = 10: (a) a = 0.4; (b) a = 0.7; (¢) a = 1.0;

(d) a=1.5.
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Fig. 6. Three different waveforms of the binary aperiodic signal under the same signal amplitude and pulse width

(A=0.3,T=0.2).
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Fig. 7. The curves of Cs;-B are obtained under different waveforms of the character signal and different fractional-
order values. The simulation parameters are a =1, b=1, A=0.3, T =0.2 and 8 = 10: (a) a = 0.4; (b) a = 0.7,
(¢) a=1.0; (d) o= 1.5.
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Fig. 9. The optimal AVR output time series are obtained by the re-scaled method: (a) a = 0.4, B = 0.75;
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A=03,T=02and 8=10: (a) a =0.4; (b) a=0.7; (¢) a =1.0; (d) o = 1.5.
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1) SRS 5 OB AR5 S5 i, RIVBK 98 K
B, RESHO NS HRNTT 2 RGEE S 1L
Be, LA B AE S AR AR, RENE TR A AR IR
IR, BTG SRS 5

2) HRFILAE 5 N RAAE 5, RIAK 58 B 11
U, B BRI IEA BESRBLR G S BG5S
SRV 5 R IRENILIR, A4 T R R
Jilk: B MO IR R AR, B R, 13
P 5 RARGEMNT ARG, KRR T RGH
R, 38 2GS ARG 5 S HuLFIILE, A
175 K AR A R S 3R, #8125 i i) L #E
BINEEN (¢ ST R (FEIPS IS5 S i
e TUCRRRE, B X S 5 AT T UCRHE,
RN HHE 5 W 5 R RGESHOHATILED, #1706
PR AR IR B IR, AR R R T,
UCRAEBIR LS R e P K S B P 3

3) RGO WS (B 71 54T O R
s B ARG R, ARG R B S HBE S
i L 2 0 £ ot 28 T 2 B SR DX SRR 58, 5 e e £
PRBN IR T 75 2 00 B A5 S R AR ALK, R 8] 551
RBP4 I TR FP 51 5 N RS 5 22 18]
(AR AL 2 5.

ASCSEHL T AR E S AE AN R K 9
FIAR RS ILIRBLER, TX R M5 5 A1 o A
e gt 225 Bk, FR, et 7Bl aRgt
FRGAEAR U T B — L8 SR g AR 2 Bl )y
178, X3 Kb 2GBTS A

RPN

[1] Gammaitoni L, Hanggi P, Jung P, Marchesoni F 1998
Rev. Mod. Phys. 70 223

[2] Landa P S, McClintock P V 2000 J. Phys. A: Math.
Gen. 33 L433

[3] Collins J J, Chow C C, Capela A C, Imhoff T T 1996
Phys. Rev. E 54 5575

[4] Chizhevsky V N, Giacomelli G 2008 Phys. Rev. E 77
051126

[5] Yang J H, Sanjudn M A F, Liu H G, Litak G, Li X 2016
Commun. Nonlinear Sci. Numer. Simulat. 41 104

[6] Yang J H 2017 Bifurcation and Resonance in Fractional-
order Systems (Beijing: Science Press) (in Chinese) [#
42017 P BB RGO B SR (JEs: Bl aRA))

[7] Monje C A, Chen Y Q, Vinagre B M, Xue D, Feliu V
2010 Fractional-order Systems and Controls (London:
Springer) pl1

[8] Blekhman I I 2000 Vibrational Mechanics (Singapore:
World Scientific)

054501-12


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/RevModPhys.70.223
http://dx.doi.org/10.1103/RevModPhys.70.223
http://dx.doi.org/10.1088/0305-4470/33/45/103
http://dx.doi.org/10.1088/0305-4470/33/45/103
http://dx.doi.org/10.1103/PhysRevE.54.5575
http://dx.doi.org/10.1103/PhysRevE.54.5575
http://dx.doi.org/10.1103/PhysRevE.77.051126
http://dx.doi.org/10.1103/PhysRevE.77.051126
http://dx.doi.org/10.1016/j.cnsns.2016.05.001
http://dx.doi.org/10.1016/j.cnsns.2016.05.001

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 5 (2018) 054501

[9]

[13]
[14]

[15]

Thomsen J J 2003 Vibrations and Stability: Advanced
theory, Analysis, and Tools (Berlin: Springer-Verlag)
pp287-334

Thomsen J J 2002 J. Sound Vib. 253 807
Balachandran B, Magrab E B 2008 Vibrations (Aus-
tralia: Cengage Learning) pp210-212

Hu H Y 2004 Foundation of Mechanical Vibration
(Harbin: Harbin Institute of Technology Press) p26 (in
Chinese) [#i¥E# 2004 HURIRBNEEAL (5 /RIE: IR /RIE L
MR ) p26]

Palm W J 2005 System Dynamics (2nd Ed.) (New York:
McGraw-Hill Higher Education) p498

Ogata K 2004 System Dynamics (4th Ed.) (New Jersey:
Prentice Hall) pp384—388

Liu X, Liu H, Yang J, Litak G., Cheng G, Han S 2017
Mech. Sys. Signal Pr. 96 58

[16]

(17]

(18]

(19]

[20]

(21]

22]

054501-13

Huang D, Yang J, Zhang J, Liu H 2017 P. I. Mech. Eng.
C-J. Mec. doi:0954406217719924

Yang J H, Sanjudn M A F, Liu H G 2017 J. Comput.
Nonlin. Dyn. 12 051011

Liu H G, Liu X L, Yang J H, Sanjudn M A F, Cheng G
2017 Nonlinear Dynam. 89 2621

Magin R, Ortigueira M D, Podlubny I, Trujillo J 2011
Signal Process. 91 350

Leng Y G, Wang T Y 2003 Acta Phys. Sin. 52 2432 (in
Chinese) [¥&7KNI, AR5 2003 #H24Rk 52 2432

Leng Y G, Wang T Y, Guo Y, Xu Y G, Fan S B 2007
Mech. Syst. Signal Pr. 21 138

Li Q, Wang T, Leng Y, Wang W, Wang G 2007 Mech.
Syst. Signal Pr. 21 2267


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1006/jsvi.2001.4036
http://dx.doi.org/10.1016/j.ymssp.2017.04.006
http://dx.doi.org/10.1016/j.ymssp.2017.04.006
http://dx.doi.org/10.1115/1.4036479
http://dx.doi.org/10.1115/1.4036479
http://dx.doi.org/10.1007/s11071-017-3610-2
http://dx.doi.org/10.1016/j.sigpro.2010.08.003
http://dx.doi.org/10.1016/j.sigpro.2010.08.003
http://dx.doi.org/10.7498/aps.52.2432
http://dx.doi.org/10.1016/j.ymssp.2005.08.002
http://dx.doi.org/10.1016/j.ymssp.2005.08.002
http://dx.doi.org/10.1016/j.ymssp.2006.10.003
http://dx.doi.org/10.1016/j.ymssp.2006.10.003

32 % R Acta Phys. Sin. Vol. 67, No. 5 (2018) 054501

A periodic vibrational resonance in the fractional-order
bistable system®

Yang Jian-Hua"??) Ma Qiang”’ Wu Cheng-Jin?  Liu Hou-Guang®

1) (School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, China)
2) (Department of Mechanical Engineering, University of Michigan, Ann Arbor, MI 48109, Ameirica)
3) (Jiangsu Key Laboratory of Mine Mechanical and Electrical Equipment, China University of Mining and Technology,
Xuzhou 221116, China)
4) (College of Mechanical and Equipment Engineering, Hebei University of Engineering, Handan 056038, China)

( Received 16 September 2017; revised manuscript received 4 January 2018 )

Abstract

Aperiodic signal is widely used in different engineering fields. It is important to detect or enhance a weak aperiodic
signal. In this work, we investigate the aperiodic vibrational resonance (AVR) in a fractional-order bistable system
excited by an aperiodic binary signal and a square waveform signal simultaneously. The weak aperiodic binary signal is
the characteristic signal which usually carries the useful information. The square waveform signal is the auxiliary signal
which is used to induce the AVR. By tuning the amplitude of the auxiliary signal, the AVR may occur and the aperiodic
binary signal is enhanced. The occurrence of the AVR is measured by the cross-correlated coefficient between the input
aperiodic binary signal and the output time series. When the cross-correlated coefficient achieves a large enough value,
the AVR may occur and the weak aperiodic signal is enhanced excellently by the auxiliary signal. If the aperiodic binary
signal has large pulse width and the system has small parameters (usually on the order of 1), the AVR can be realized by
tuning the amplitude of the square waveform. If the aperiodic binary signal has small pulse width, the AVR cannot be
realized in the system with small parameters directly. For this case, we realize the AVR by the re-scaled method and the
twice sampling method separately. By the re-scaled method, through a scale transformation, the equivalent system with
large system parameters can match the input characteristic signal with arbitrary small pulse width. When the re-scaled
method is used, the scale parameter is a key factor. By the twice sampling method, the reconstructed characteristic
signal after the twice sampling has a large pulse width. Then, it can match the original system with small system
parameters. When the twice sampling method is used, the ratio of the twice sampling frequency to the first sampling
frequency is a key factor. Although these two methods have different physical processes, they can achieve the same goal.
The AVR also depends on the fractional-order value closely. Specifically, with the increase of the fractional-order, the
resonance region in the cross-correlated coefficient curve turns wider. Moreover, the amplitude of the square waveform
signal which induces the optimal AVR to turn larger. Simultaneously, the similarity between the optimal output and the
input binary aperiodic signal is enhanced. The method and the results of this paper not only can be used to enhance
the weak aperiodic binary signal but also have a certain reference value in processing other kinds of aperiodic signals,
such as the linear or nonlinear frequency modulated signal, etc. Furthermore, the results in this paper also present
rich dynamical behaviors of a fractional-order system and may provide reference value in the study of fractional-order

systems.
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