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Coherent resonance in a one-way coupled system
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We describe the resonancelike behavior of a cooperative phenomenon involving noise, nonlinear systems
with intrinsic limit cycle dynamics, and coupling in the absence of an external signal. We show that coupling
can significantly sustain the propagation of coherent resonance with considerable enhancement or suppression
along a one-way chain. In addition, coherent resonance can occur without tuning for a proper noise level and
coupling constant.

PACS numbd(s): 05.40—a, 87.10+e

The phenomenon of stochastic resonaf® has at- dx/dt=x?y—Bx—x+A=f,(Xx,y),
tracted considerable attention in different fields of science (1)
[1-4]. The typical SR is the result of a cooperative effect of dy/dt=Bx—x?y="f,(x,y),

noise and an external signal acting upon a nonlinear system
such as a bistable or an excitable system. The response of théiere A, B, x andy are dimensionless concentrations. For
system to a weak external signal is enhanced by the presenBe<A®+1, the system is in a steady state, and Bor A®
of noise. Recently, a new kind of SR-like behavior without + 1, limit cycle oscillations appean is the control param-
external signal as a consequence of the intrinsic dynamics &ter- The evolution equations for the one-way coupled sys-
nonlinear system was presentgs-10,, which has been €M are
called automous SF5-7], internal SR 8], or coherent reso-
nance(CR) [9,10].

It's known that coupled dynamical systems are an impor- dy, /dt=f,(x ) 2
tant field in nonlinear science. Very recently, the significant Yn 2Xn+Yn)-

phenomena of array enhanced stochastic resorfadcel3 We only consider that is coupled. Wher®,, is coupling

and noise enhanced propagatjd4—16 in coupled syste.ms constant joining the r{—1)th cell and nth cell,
have been. demc_mstrated. In tr_\ese StUQ'eS’ a cooperative PRE=12...N andN is the end number of coupled cells. Let
nomenon involving external signal, noise, nonlinearity, andys fix x,=0.446. Gaussian white noise is only imposed on
coupling is concerned. If there are only intrinsic dynamics inthe control paramete of the first cell,

coupled systems driven by noise in the absence of an exter-

nal signal, what will it happen? More recently, experimental A =A[1+E&(1)] 3
observation of CR in an array of cascade excitable systems

using a monovibrator circuit has been shown by Postnowith (£(t))=0, (£(t)é(s))=0?5(t—s), and o is the noise

et al. [17]. When the first monovibrator is exicted by the level. In our simulationA=0.46, B=1.2, stochastic noise is
external noise, while each successive stage gets the inplifPosed per 100 time steps. _

signal from the output of the preceding circuit, CR can be FOr @ single oscillatorN=1), let us fixA=0.46 such
propagated with enhancement along the chain. In this papeiat the system is placed in a steady state. When noise is
a one-way coupled brusselators subject to additive noise in
the absence of external signal is investigated. When we in-
ject Gaussion white noise to the first cell of the system, not
surprisingly, noise-induced oscillations and CR in the cell 16+

dx,/dt=1f1(X,,Yn) +Dn(Xn_1—Xn),

8.0x10°

J6.0x10°

are observed. More interestingly, CR can be propagated with @
considerable enhancement or suppression along the coupled € 45- Jeonor ©
chain. In addition, a new phenomenon of CR without tuning *§ i
at proper coupling constant and noise level is shown. L 8- ] B}
The well-known brusselator model is given 8,19 2040
41
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FIG. 1. The quality facto and 8 as a function of noise levet
* Author to whom correspondence should be addressed. Email adeurves 1, 2 correspond t@ and 8, respectively. A=0.46; B
dress: nclxin@mail.ustc.edu.cn =1.2.
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FIG. 2. The power spectra fa€;, C3, andCg, noise back- FIG. 4. The power spectra f@,, C;, andCs (curves 1, 3, and

ground is suppressed with the increment of the coupling numbep correspond taC,, C;, andCs, respectively. o=0.24; N=5;
(curves 1, 3, and 5 correspond @, C3, andCs, respectively. ~ D,=0.05.
0=0.12;N=5; D,=0.2.

imposed, noise-induced oscillations appear. We study quan-
titatively the effect of noise through the power spect(s),
noticing the power spectra are obtained by averaging over 50
runs. To observe CR the degree of cohergiof the spectra
can be calculated as defined in R], B=fyh/Af, where
fo is the principal peak frequency of the spectrumis the
maximum peak height, antif the width of the peak at half-
maximum height. Becausg@ does not directly take into ac-
count the noise floor around the principal peak as proposed
in Ref.[6], in this paper, and the effect of noise to the peak
heighth is much stronger than that to the widf with the
increasing of coupling number, B isn’t properly used as a
quality factor to compare the changes in the degree of coher-
ence of different coupling cells, but it is a useful quantity for
a separate cell. Here, we define another amplification factor 0
Q=9/S,, which is a similar definition as coherent signal-to- 000 005 040 0f5 020 025 030
noise ratio in Ref[6]. Sis the total area of noise-induced °
principal peak af, and S, is the area below a line joining
the relative minimum through () to that in (fy,2fy) as
noise floor. The facto and B versus various noise levels
are plotted in Fig. 1. The fundamental character of the bot
curves are in good agreement, and the curves indicate the
occurrence of CR in the single oscillator.

Now, we study the influence of coupling. We fi&
=0.46, and tak®,=0.2, N=5. Let us assume that the only
C; (we useC; andC, to denote the first cell andth cell,

40
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FIG. 5. Propagation of CR with first enhancement and then sup-
pression along the one-way coupled ch@uarves 1, 2, 3, 4, and 5
correspond taC,, C,, C3, C,, andCg, respectively. N=5; D,
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FIG. 3. Propagation of CR with considerable enhancement
along the one-way coupled chafourves 1, 2, 3, 4, and 5 corre- FIG. 6. The spectra irC5 for different noise levelsr=0.18,
spond toC,;, C,, C3, C,4 and Cs, respectively. N=5; D, 0.24, and 0.30. The curves change very slightly=5; D,,=0.05.
=0.2.
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FIG. 7. CR without tuning irCs. (Curves 1 and 2 correspondto ~ FIG. 8. Plots of the factoiQ versus the coupling constant
the factorQ and B, respectively. N=5; D,=0.05. (curves 1, 2, 3, 4, and 5 correspond@g, C,, C3, C4, andCs,
respectively. N=5; =0.16.

respectively is imposed with noise. The power spectra for
t(r(]:if\:/leysci?'3?2?13550(?&2;%':2?&;88; Zﬁzrgzl’ergsgé%_z' change very slightly. Curves of the factQ and j versus
tively.) Observe from the figure, the spectrum®f is very noise IEVElaHin C.5 are given as an example.of an existing
coarse, and the spectra become smoother with the incremeffpVious plateau in Fig. AThis phenomenon in the present
of the coupling number. Accordingly, the noise backgroundOf_ external_ periodic signal is called “stochastic resonance
becomes lower with the increment of the coupling numberWithout tuning” [20].) Here, we call the phenomenon in the
We can intuitively see the coherence of the system become¥sence of external signal CR without tuning, and we under-
stronger with the increment of the coupling number fromstand it as a result of the coupling acting as a type of non-
Fig. 2. The curves of factd® of each cell versus noise level linear noise filter.
o is shown in Fig. 3(curves 1, 2, 3, 4, and 5 correspond to ~ We fix 0=0.16 andN=5. The factorQ versus different
C,, C,, C3, C, and Cs), which clearly indicates CR has coupling constants are plotted in Fig. 8. The curves increase
been transmitted and enhanced by coupling. The phenomemaaching a maximum and then drop with the increment of the
are in accord with the experimental observation in RET].  coupling constant showing the existence of CR. It also shows
We understand the enhancement from the dependenge ofthat CR can be transmitted at various coupling constants, but
and S, on the coupling number at fixed coupling constantCR will be strongly suppressed at a too low- or high-
and noise levelSand S, both become smaller with the in- coupling constant. Notice with fixed and n, Sincreases,
crement of the coupling number, but the effect of couplingreaching a maximum then decreasing édcontinuously
number toS, is stronger than the effect § so the compe-  increases with the increment of coupling constant, which is
tition of Sand S, makes their rati)Q become larger and jfferent fromSandS, both increasing with the increment of
larger. _ noise level at fixed,, andn.

We change the coupling constadf,=0.05. The power How far can CR propagate with considerable enhance-
spectraC,, Cs, and Cs oscillator are given in Fig. 4. ont or suppression? First we study the coupling number
(Curves 1, 3, and 5 correspond @, C3, andCs, respec- N=10 andD,=0.2. The highest height of the CR curves

tively.) As the spectra d0,=0.2, the spectrum df; is very . : . :
coarse, and the spectrum become smoother with the incrg_ppears IrC7, and the highest height of the CR curve in the

ment of the coupling number. But, differing from Fig. 3, it's end cell Cy) reaching about 48.5 is larger than the highest

obvious the coherence @5 is stronger than that i€5. The height, a_lbout 46'8.0f the CR curve m_tl@g. It |r_1d|cates
factors Q versus noise levelr are plotted in Fig. 5. The there _eX|sts a maximum propqgatlon distance with enhance-
figure has some different features as in Fig. 3. At lower noisd"€Nt in @ one-way couple chain. Second, we choose the cou-
level, curve 2 is the highest and curve 3 is the highest apling numberN=5, let D;=D,=D3=0.05, andD,=Ds
higher noise level. This suggests CR can also be transmitted 0-5, we find CR inC, and Cs is enhanced than for CR

at lower-coupling constant, but the CR are first enhanced andith D4=Ds=0.05, the maximum in th€, reaching 34 and
then suppressed with the increment of coupling number. Théhe maximum in the&Cs reaching about 37. This may suggest
phenomenon of suppression can also be understood from tltlat proper coupling constant and noise level can be used to
dependence of and S, on the coupling number at fixed control the propagation of CR with enhancement or suppres-
noise level as coupling constadt,=0.2. SandS, both be-  sion along the coupling chain.

come smaller with the increment of the coupling number, but In conclusion, we have investigated that coupling can sig-
the effect of the coupling number ®is stronger than the nificantly sustain the propagation of CR with considerable
effect toS,, so the competition oBandS, makes their ratio enhancement or suppression along the one-way coupling
Q become smaller and smaller. Another interesting feature ishain. Here, the constructive effect of noise to nonlinear sys-
that there exists a plateau in curves 3, 4, and 5 at highetem has been successfully transferred. Proper coupling con-
noise level. Three typical power spectra for noise lewel stant and noise level can be used to control the propagation
=0.18,0.24,0.30 irC5 are shown in Fig. 6, and the curves of CR with enhancement or suppression along a one-way
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coupling chain. Considering the fact that CR without tuning Note added More recently, coherence resonance in
appears, might one say that external disorder has signifeoupled nonindentical exticatabel systef@4] and globally
cantly been transferred into internal order by the couplingZoupled Hodgkin-Huxley neurori&2] has been investigated.
We believe that the phenomenon of coupling sustained

propagation of the constructive effect of noise may be im- This work was supported by the National Science Foun-

portant in both nature and technology. dation of China.
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