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Abstract. In this study, the system with fractional power nonlinearity is introduced into the theory of aperiodic
stochastic resonance (ASR). The fractional exponent is a key parameter and its effect on the ASR phenomenon
excited by aperiodic binary signal is investigated in this system. Compared to the classical bistable system, the
system with fractional power nonlinearity shows better performance. It can adjust not only the noise intensity but
also the fractional exponent to enhance weak signal. In the field of signal transmission, pure aperiodic binary signal
is usually submerged in the noise and the signal is unknown. Thus, an effective method is proposed based on ASR
and moving average. By the method, the unknown aperiodic binary signal can be recovered in the noise background.
To improve the efficiency of the signal recovery, the adaptive ASR is realised with the help of adaptive particle
swarm optimisation (APSO) algorithm to optimise the parameters. The method may provide some reference to the
engineering field.
Keywords. Aperiodic stochastic resonance; system with fractional power nonlinearity; aperiodic binary signal;
optimisation algorithm.
PACS Nos 05.45.−a; 02.50.−r

1. Introduction
Stochastic resonance (SR) is an interesting phenomenon
by which a weak periodic signal in a nonlinear system
can be enhanced by adding some noise. It was first proposed by Benzi et al [1–3] and was originally used to
explain the observed periodic recurrence of ice ages on
the Earth. Once the concept of SR was put forward, it
has attracted considerable attention because it broke the
traditional idea that noise is harmful [4–8]. However, as
the external signals in real world are often not periodic,
another interesting phenomenon was discovered which
is named as aperiodic stochastic resonance (ASR) [9,10]
and it can be used to process weak aperiodic signals.
ASR has been applied to many fields, including biology
[11], physics [12], engineering [13] and so forth.
SR was originally studied in a bistable system and
there are many researches on SR [14–17]. In recent
years, a new system, which is the system with fractional
power nonlinearity, has been introduced into SR theory
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[18]. Compared to the traditional bistable system, the
system may have a better SR performance [19]. Additionally, this kind of system is widely used in modelling
some actual engineering problems [20–22], and thus it
is more realistic and reasonable. Although some satisfactory results have been obtained, there is no study on
ASR in the system with fractional power nonlinearity. If
ASR in the system with a fractional power nonlinearity
were achieved, aperiodic signals would be processed so
that they can be enhanced. As a type of aperiodic signals, aperiodic binary signal is commonly used in the
field of communication and other fields. Studying the
ASR of the aperiodic binary signal may improve the
accuracy of communication [23,24]. Hence, it is necessary to achieve ASR for the aperiodic binary signals in
the system with fractional power nonlinearity.
Nevertheless, in actual engineering, owing to the
effect of external thermal noise, aperiodic binary signal is usually submerged in the noise, such as thermal
noise. When the external noise is strong, the aperiodic
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binary signal cannot be identified. So this tends to have a
negative influence on information transmission. Under
this circumstance, several de-noised methods have been
used to recover pure aperiodic signal from raw signal
but it is not very satisfactory [25,26]. This is because the
aperiodic binary signals with noise are usually unknown
and have many frequency components. To the best of our
knowledge, there is no results in the literature regarding how to recover the unknown aperiodic binary signal
from raw signal by ASR. Therefore, to address this problem, this study proposes a method which can easily
recover the aperiodic binary signal from noise by using
ASR and moving average [27].
As is well known, noise intensity and system parameters have a great influence on the ASR, and thus
parameter selection plays an important role in the SR
performance [28–32]. To some extent, this factor may
limit the application of ASR to actual engineering. Consequently, to improve the efficiency of ASR in signal
processing, adaptive ASR has been proposed with the
aid of some optimisation algorithms [33]. In this study,
adaptive particle swarm optimisation (APSO) algorithm
is used as the method of parameter optimisation with its
good stability and quick convergence [34].
To sum up, the purpose of this study is to achieve the
recovery of unknown aperiodic binary signal from noise
by ASR, especially in the shape of waveform. Based on
the excellent optimisation algorithm, the signal recovery will be quick. We believe that this study may be
helpful in the field of communication, such as in digital
communication and pattern recognition.
The rest of this paper is outlined as follows. In §2,
ASR in the system with fractional power nonlinearity is
studied. In §3, based on the ASR and moving average,
a method is proposed so that it is able to achieve the
recovery and enhancement of aperiodic binary signal in
the background of noise. In §4, with the help of APSO
algorithm, adaptive ASR is achieved and it is used to
recover the aperiodic binary signals from several raw
signals in a quick manner. In §5, the main conclusions
of this study are given.

2. ASR in the system with fractional power
nonlinearity
ASR in the system with fractional power nonlinearity is
governed by
dx
= ax − bx|x|α−1 + s(t) + η(t),
(1)
dt
where the system parameters a > 0, b > 0 and the
fractional exponent α > 1. Apparently, when α = 3, the
potential function becomes traditional bistable potential
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function, f (x) = ax − bx 3 . s(t) is the aperiodic binary
signal which needs to be processed, whose expressions
are
∞

S j (t − j T )
s(t) = A
 j=0
(2)
1, t ∈ [0, T ]
(t) =
.
0, t ∈
/ [0, T ]
Here, A is the amplitude, T is the minimal pulse width
of the aperiodic signal and S j = ±1 with independent
distribution. η(t) is the Gaussian white noise manually
added to the nonlinear system to induce ASR, which has
the following statistical properties:
η(t) = 0, η(t1 )η(t2 ) = σ 2 δ(t1 − t2 ),

(3)

where σ denotes the noise intensity. In MATLAB,
Gaussian white noise can be simulated by using awgn
function.
For a quantitative characterisation of ASR, the crosscorrelation coefficient Csx is used [9] which can be
expressed as
N
j=1 [s( j) − s̄][x( j) − x̄]
,
(4)
Csx = 
N
2 N
2
[s(
j)
−
s̄]
[x(
j)
−
x̄]
j=1
j=1
where s denotes the input aperiodic binary signal, x
denotes the system output and s̄ and x̄ are mean values
of the input and the output, respectively. N represents
the total number of sampling points. Csx is a measure
of the similarity between the waveforms of the input
and the output. The more similar the input and the output are, the larger is Csx . When ASR occurs, the ASR
output has similar waveform as the input. In this case,
Csx must have a large value, approximately close to 1.
Therefore, the cross-correlation coefficient Csx can be
adopted as an indicator to determine whether resonance
happens or not.
In the following part, the ASR phenomena excited by
pure aperiodic binary signal in the system with fractional power nonlinearity is studied. Figure 1 shows
the cross-correlation coefficient Csx vs. the noise intensity σ under different values of fractional exponent α.
Some related simulation parameters have been given
in the caption of the figure, in which h is the sampling interval. The curve initially falls and then rises
rapidly, and finally peaks at a point before falling slowly.
Generally, the ASR phenomenon occurs almost at this
point, and so the point is usually called the resonance
point. As we can see, with the increase of α, the value
of Csx at the resonance point decreases. This means
that the fractional exponent has a great impact on the
ASR phenomenon. When α = 3, the system with
fractional power nonlinearity becomes the traditional
bistable system. Apparently, the peak value of the curve
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Figure 1. The cross-correlation coefficient Csx vs. the noise
intensity σ under different values of the fractional exponent
α. The simulation parameters are a = 1, b = 1, A = 0.1,
T = 200 and h = 0.2.

corresponding to α = 1.5 is significantly higher than
that corresponding to α = 3. It indicates that the ASR
performance of the system with fractional power nonlinearity is better than that of the classical bistable system.
To further illustrate it, figure 2 is depicted which gives
the input and its ASR outputs for these resonance points.
Figure 2a shows the waveform of the input signal. From
figures 2b–2e, we can see that the ASR output for
α = 1.5 is better than the others. It can be seen that
the ASR output for α = 1.5 is remarkably similar to
the input. Additionally, the amplitude of the output is
15 times that of the input signal, i.e. A = 1.5. This
means that the weak aperiodic binary signal is enhanced
through the ASR owing to the fact that ASR can transfer the noise energy to the aperiodic binary signal. As a
result, once again it is demonstrated that the system with
fractional power nonlinearity is better than the traditional bistable system. The parameter α can be a fraction
or an integer, but in most cases, the value of α needs to
be selected as a fraction. In addition, in fact, an integer
is a special version of a fraction. Thus, note that the system with integer value of α can also be called fractional
power nonlinear system.
To further study the effect of fractional exponent
α on the ASR phenomenon in the system with fractional power nonlinearity, we fix the noise intensity of
white noise and figure 3 is plotted. Figure 3 presents
the cross-correlation coefficient Csx vs. the fractional
exponent α for several values of noise intensity σ . Most
of the curves first rise rapidly and then levels off, and
finally fall slowly. When σ = 0.3, when the noise
intensity is fixed, several values of fractional exponent
can induce the ASR, that is to say, there is an obvious

Figure 2. The input signal (a) and the ASR outputs for different fractional exponents (b)–(e). (b) α = 1.5, σ = 0.28;
(c) α = 2.5, σ = 0.37; (d) α = 3, σ = 0.38; (e) α = 4,
σ = 0.42. Other simulation parameters are a = 1, b = 1,
A = 0.1, T = 200 and h = 0.2.

resonance region. In other words, when the pure aperiodic binary signal is submerged by some noise, we
can adjust fractional exponent to achieve the ASR in
order to recover the aperiodic binary signal from the
raw signal. In addition, in most cases, as the fractional
exponent α increases, the value of Csx decreases gradually. When α increases to 3, Csx has a relatively small
value and the ASR phenomenon cannot occur at this
time. In order to demonstrate concretely and vividly,
the third curve (σ = 0.3) is selected to show the waveforms of the output signals under different α, as shown
in figure 4. Figure 4a presents the waveform of the input
signal. From top to bottom (figures 4b–4e), the similarity between the output and the input decreases with the
increase of α. When α = 1.5, the ASR output is optimal.
It further reveals that when the raw signal is given, the
ASR in the system with fractional power nonlinearity
can also be realised by adjusting the fractional exponent.
Compared with the previous way of only adjusting the
noise intensity to enhance the signal, it can avoid introducing more interference components.

3. Recovery and enhancement of unknown
aperiodic binary signal in the noise
In the field of signal communication, aperiodic binary
signals are inevitably interfered by thermal noise in the
transmission process, which results in the distortion of
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Figure 3. The cross-correlation coefficient Csx vs. the fractional exponent α under different values of the noise intensity
σ . The simulation parameters are a = 1, b = 1, A = 0.1,
T = 200 and h = 0.2.

Figure 4. The input signal (a) and the ASR outputs for different values of fractional exponents α when the noise intensity
σ is fixed (b)–(e). (b) α = 1.5; (c) α = 2.5; (d) α = 3; (e)
α = 4. Other simulation parameters are σ = 0.3, a = 1,
b = 1, A = 0.1, T = 200 and h = 0.2.

the signal in the transmission process. So it is not easy
to recover the unknown aperiodic signal from the noise.
But these signals often carry important information, and
so it is necessary to recover the hidden aperiodic binary
signals. In the previous analysis, it is observed that ASR
can help to transfer the noise energy to the aperiodic
binary signal, and in this way the signal can be recovered
and amplified. Therefore, in this section, based on the
ASR in the system with fractional power nonlinearity,
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we propose a method to recover the aperiodic signal
from noise in the unknown situation.
Since the pure aperiodic binary signal is interfered by
noise, it will be polluted and become unknown. The signal polluted by external noise is named the raw signal,
denoted as r (t). In this situation, we are unable to use
the cross-correlation coefficient of §2, eq. (4), to process
the raw signal. Hence, to solve the problem of characterising ASR, here, we aim to improve the equation of the
cross-correlation coefficient so that it can be suitable for
this situation. As we all know, if one wants to use crosscorrelation coefficient to recover a signal, it requires a
reference signal which in most cases is similar to the
pure signal to be recovered. So, obtaining the reference
signal is the key. To obtain the reference signal, we adopt
the moving average method. Through moving average,
the raw signal r (t) is de-noised so that the reference
signal can be obtained. A moving average is a technique that can reduce the effect of temporary variations
in data to get an overall idea of the trends in a data set. In
other words, moving average can significantly remove
the fast-varying frequency components and reserve the
slow-varying frequency components, which is defined
as follows:
1
(5)
Mt = (rt + rt−1 + rt−2 + · · · +rt−n+1 ),
n
where Mt is the de-noised signal, rt represents the
raw signal which needs to be de-noised, i.e., rt =
r (t) = [r (1), r (2), . . . , r (N − 1), r (N )] and then
rt−1 = [r (1), r (2), . . . , r (N − 1), 0]. N is the total
number of sampling points and n denotes the number
of items needing moving. Note that moving average can
be realised by using tsmovavg function in MATLAB.
So, the de-noised signal Mt can be used as the reference
signal. Then substituting Mt into eq. (4), the improved
cross-correlation coefficient Csx is redefined as
N
j=1 [Mt ( j) − M̄t ][x( j) − x̄]
. (6)
Csx = 
2 N
N
2
[M
(
j)
−
M̄
]
[x(
j)
−
x̄]
t
t
j=1
j=1
Therefore, according to the previous analysis, eq. (6)
can be used to characterise the ASR of unknown binary
signal.
In the following part, based on eq. (6), ASR will be
used to achieve the recovery and enhancement of the
unknown aperiodic binary signal from the raw signal
with the noise. The raw signal r (t) contains the pure
aperiodic binary signal s(t) with its amplitude A = 0.1
and external noise with noise intensity σ = 0.2. Figure 5 shows the waveforms of the pure aperiodic binary
signal s(t) and the raw signal r (t). It can be found in
figure 5b that the pure aperiodic signal cannot be recognised owing to the effect of noise. Firstly, we process
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Figure 5. The pure aperiodic binary signal and the raw signal. The simulation parameters are A = 0.1, σ = 0.2,
T = 200 and h = 0.2.

the raw signal r (t) by using moving average and obtain
Mt , as shown in figure 6a. Next, we input the raw signal
r (t) into the system with fractional power nonlinearity.
So the ASR equation for the raw signal is
dx
= ax − bx|x|α−1 + r (t) + η(t).
(7)
dt
In §2, it can be found that both adding white noise and
adjusting fractional exponent can induce the ASR. Here,
owing to the fact that r (t) carries some external noise,
we choose not to add extra white noise to the nonlinear
system (i.e., η(t) = 0), but choose to adjust fractional
exponent α to induce ASR. And then Csx –α curve is
obtained in figure 6b. Clearly, the resonance point can
be observed where the value of fractional exponent α is
1.6. By substituting this value into the system, the ASR
output can be obtained, as shown in figure 6c. It can
be seen that the pure aperiodic binary signal waveform
is well recovered from the noise. In addition, comparing the amplitudes of the input pure signal s(t) (i.e.,
A = 0.1) and the output signal x(t) (i.e., A = 1.9),
the aperiodic binary signal is obviously enhanced by
the ASR. The result highlights that the recovery and
enhancement of an unknown aperiodic binary signal in
the noise is achieved by using ASR and moving average.

4. Adaptive ASR based on optimisation algorithm
In the previous section, based on ASR and moving
average, an unknown aperiodic binary signal is recovered from the raw signal and enhanced by noise. In the
previous analysis, it can be found that different input
signals need different values of fractional exponent and
noise intensity to achieve the ASR in the system with
fractional power nonlinearity. The selection of these
parameters may be time-consuming so that it cannot
meet the requirements of engineering field. Hence, to
improve the efficiency of the method in the recovery of

(b)

0.2

x( t )

(b)

0

(a)

-0.2

(c)

1

1.5

2

2.5

3

3.5

4

4.5

5

2
0
-2
0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

t

Figure 6. (a) The output processed by moving average, (b)
the curve of Csx –α and (c) the ASR output. The simulation
parameters are n = 10, a = 1, b = 1, A = 0.1, σ = 0.2,
T = 200 and h = 0.2.

unknown aperiodic binary signal from noise, adaptive
ASR is designed with the support of APSO algorithm.
In the APSO algorithm, each particle represents a
possible solution to a problem. The particle consists of
location and velocity, in which the location is the possible solution while the velocity is used to update the
location of the particle. The position of the ith particle
is denoted as the vector Pi = ( pi1 , pi2 , . . . , pid ), i =
1, 2, . . . , m and the velocity of the ith particle is denoted
as the vector Vi = (vi1 , vi2 , . . . , vid ), i = 1, 2, . . . , m.
Here, m is the number of particles and d stands for the
number of optimised objects. When the APSO algorithm
started, the algorithm then iteratively updates the particle locations and velocities. Iterations proceed until the
algorithm reaches a stopping criterion. Finally, over a
number of iterations, one of the particles is able to carry
optimal solutions to the problems. The detailed steps are
given as follows.
Step 1: Initialise the number of particles, the spatial dimension (i.e. the number of elements contained
in each particle), acceleration constants, inertia weight,
etc. Calculate the fitness value of each particle and
search for current and global best positions of the particles.
Step 2: Enter the iterations. Through each iteration,
adaptively update the position and velocity of each particle.
Step 3: Calculate the fitness values of the entire
swarm.
Step 4: Update the current and global best positions by
evaluating the fitness value of the particle. If the fitness
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Start
Initialize all particles and each particle contains two
elements: α and σ, which represents its position

Calculate the fitness value Csx of each particle based on
the ASR in the system with fractional power nonlinearity

Search for current and global best positions of particles

Update the position and velocity of each particle
Calculate the fitness value Csx of each particle based on
the ASR in the system with fractional power nonlinearity

Update current and global best positions of particles

No

If iterations reach 100
Yes
Obtain the best particle and the
optimization results

Figure 8. Three raw signals r (t), the signal s  (t) and the
optimal ASR output x(t) by APSO algorithm. Signal 1 is
with noise intensity σ = 0.1, signal 2 with noise intensity
σ = 0.2 and signal 3 with noise intensity σ = 0.3. Other
simulation parameters are n = 50, a = 1, b = 1, A = 0.1,
T = 200 and h = 0.2.
Table 1. The optimisation results of the noise intensity and
fractional exponent for three raw signals.

End

Figure 7. The flow-chart of APSO algorithm for achieving
adaptive ASR in the system with fractional power nonlinearity.

value of the current position is better than the old position, the updated position will become the best position
the particle has seen. Then the global best positions can
be obtained.
Step 5: Repeat steps 2 to 4 until the algorithm reaches
a stopping criterion. Here, the stopping criterion is that
number of iterations reaches maximum iteration, which
is 100.
Step 6: When meeting the stopping criterion, the optimal particle is obtained that carries global best positions.
At this time, the global best positions represent the optimisation results and the algorithm can obtain the best
particle and the optimisation results.
Based on APSO algorithm, adaptive ASR in the system with fractional power nonlinearity is achieved, in
which fractional exponent and noise intensity are the
objectives of optimisation. The corresponding flowchart can be seen in figure 7. The raw signals are

σ
α
Csx
A (pure signal)
A (ASR output)

Signal 1

Signal 2

Signal 3

0.2226
1.2603
0.9047
0.1
1.6

0.3116
1.3833
0.9107
0.1
1.5

0.2138
1.1345
0.9213
0.1
1.3

obtained by adding different noise to the pure aperiodic binary signal. Figure 8 illustrates several groups
of raw signals with different noise intensities (i.e., signal 1, signal 2 and signal 3), the signal s  (t) and the
adaptive ASR outputs after parameter optimisation. In
the figure, the signal s  (t) is given to show the resonance effect which is the amplified pure aperiodic
binary signal s(t) of each raw signal. Apparently, the
hidden aperiodic binary signals are recovered from
the noise well so that they can be recognised. Additionally, the weak signals are enhanced greatly by
comparing the amplitudes of the inputs and the outputs. Table 1 lists the optimisation results of several
parameters for different raw signals and gives comparison between the amplitudes of the pure aperiodic binary
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Figure 9. The convergence curve of the APSO algorithm
when processing signal 1.

signal and the ASR output. Comparing the amplitudes
of the pure aperiodic binary signal and the outputs,
it can be observed that the unknown binary signals
are amplified by adaptive ASR. Figure 9 gives the
convergence curve of the algorithm when processing
signal 1. It can be seen that the optimal results can
be obtained when the number of iterations reaches 40,
which shows that the algorithm has good global convergence. To sum up, the adaptive ASR can be achieved
to recover the unknown aperiodic binary signal from
the raw signal quickly with the support of APSO algorithm.

5. Conclusion
The ASR phenomenon induced by aperiodic binary signal in the system with fractional power nonlinearity is
achieved and investigated thoroughly. The system with
fractional power nonlinearity shows better performance
than the classical bistable system. By only adjusting the
fractional exponent, the weak aperiodic binary signal
can be amplified greatly and the noise can be removed.
Unlike the previous method of adjusting the noise to
enhance the signal, this method does not introduce more
interference components. Then, based on moving average, the cross-correlation coefficient can be used to
recover the unknown aperiodic binary signal in the noise
background. In addition, the adaptive ASR is realised
with the help of APSO algorithm. Taking the fractional
exponent and noise intensity as the object of optimisation, the recovery of several unknown aperiodic binary
signals can be achieved quickly which improves the efficiency of the signal recovery.

[1] R Benzi, A Sutera and A Vulpiani, J. Phys. A 14, L453
(1981)
[2] R Benzi, G Parisi, A Sutera and A Vulpiani, Tellus 34,
10 (1982)
[3] R Benzi, G Parisi, A Sutera and A Vulpiani, SIAM SIAM
J. Appl. Math. 43, 565 (1983)
[4] B McNamara, K Wiesenfeld and R Roy, Phys. Rev. Lett.
60, 2626 (1988)
[5] A Longtin, J. Stat. Phys. 70, 309 (1993)
[6] M I Dykman, D G Luchinsky, R Mannella, P V McClintock, N D Stein and N G Stocks, Nuovo Cimento D 17,
661 (1995)
[7] L Gammaitoni, P Hänggi, P Jung and F Marchesoni,
Rev. Mod. Phys. 70, 223 (1998)
[8] S M Soskin, R Mannella and P V E McClintock, Phys.
Rep. 373, 247 (2003)
[9] J J Collins, C C Chow and T T Imhoff, Phys. Rev. E 52,
R3321 (1995)
[10] J J Collins, C C Chow, A C Capela and T T lmhoff, Phys.
Rev. E 54, 5575 (1996)
[11] J J Collins, T T Imhoff and P Grigg, J. Neurophysiol.
76, 642 (1996)
[12] S Barbay, G Giacomelli and F Marin, Phys. Rev. E 61,
157 (2000)
[13] J Liu and Z Li, IET Image Process. 9, 1033 (2015)
[14] Y Qin, Y Tao, Y He and B Tang, J. Sound Vib. 333, 7386
(2014)
[15] Y Liu, J Liang, S B Jiao, N Xiao and Z Zhang, Pramana
– J. Phys. 89: 73 (2017)
[16] Z Qiao, Y Lei, J Lin and F Jia, Mech. Syst. Signal Process. 84, 731 (2017)
[17] S Lu, Q He, H Zhang and F Kong, Mech. Syst. Signal
Process. 85, 82 (2017)
[18] J H Yang, M A F Sanjuán, P P Chen and H G Liu, Eur.
Phys. J. Plus 132, 432 (2017)
[19] S Zhang, Y Yao, Z Zhu, J Yang and G Shen, Eur. Phys.
J. Plus 134, 115 (2019)
[20] C K Kwuimy and B N Nbendjo, Phys. Lett. A 375, 3442
(2011)
[21] H Li, X Liao, S Ullah and L Xiao, Nonlinear Anal.: Real
13, 2724 (2012)
[22] C K Kwuimy, G Litak and C Nataraj, Nonlinear Dyn.
80, 491 (2015)
[23] S Barbay, G Giacomelli and F Marin, Phys. Rev. Lett.
85, 4652 (2000)
[24] S Barbay, G Giacomelli and F Marin, Phys. Rev. E 63,
051110 (2001)
[25] F Duan, D Rousseau and F Chapeau-Blondeau, Phys.
Rev. E 69, 011109 (2004)
[26] F Duan and D Abbott, Physica A 376, 173 (2007)

36

Page 8 of 8

[27] N H Hung and Y Zhaojun, J. Bus. Manag. 2, 22
(2013)
[28] B Xu, F Duan, R Bao and J Li, Chaos Solitons Fractals
13, 633 (2002)
[29] B Xu, F Duan and F Chapeau-Blondeau, Phys. Rev. E
69, 061110 (2004)
[30] Y G Leng, Y S Leng, T Y Wang and Y Guo, J. Sound
Vib. 292, 788 (2006)

Pramana – J. Phys.

(2021) 95:36

[31] Q He and J Wang, Digit. Signal Process. 22, 614
(2012)
[32] Q He, J Wang, Y Liu, D Dai and F Kong, Mech. Syst.
Signal Process. 28, 443 (2012)
[33] S Mitaim and B Kosko, Proc. IEEE 86, 2152
(1998)
[34] Z H Zhan, J Zhang, Y Li and H S H Chung, IEEE Trans.
Syst. Man Cybern. B 39, 1362 (2009)

