Journal of Physics: Conference
Series

PAPER « OPEN ACCESS You may also like

. . . . - Integrable discretizations for classica
Chaos prediction and control based on time series  maties i == ont

. ennua Huang, Lingling Xue an u
analysis

- High power double-scale pulses from a

gain-quided double-clad fiber laser
Haitao Zhang, Gan Gao, Qinghua Li et al.

To cite this article: Shuxian Deng and Hongen Li 2019 J. Phys.: Conf. Ser. 1300 012069
- Numerical Modeling of Industrial-Scale
Pulsed Bed Adsorber for Colorant
Removal in Sugar Refining
Terasut Sookkumnerd

View the article online for updates and enhancements.

c " pr ‘ DISCOVER

how sustainability

The ., Ak intersects with
Electrochemical ¢ ' |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.14.133.138 on 16/05/2024 at 21:16


https://doi.org/10.1088/1742-6596/1300/1/012069
https://iopscience.iop.org/article/10.1088/1751-8121/abd2fb
https://iopscience.iop.org/article/10.1088/1751-8121/abd2fb
https://iopscience.iop.org/article/10.1088/1612-202X/aa5693
https://iopscience.iop.org/article/10.1088/1612-202X/aa5693
https://iopscience.iop.org/article/10.1088/1757-899X/559/1/012019
https://iopscience.iop.org/article/10.1088/1757-899X/559/1/012019
https://iopscience.iop.org/article/10.1088/1757-899X/559/1/012019
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsu58soSiVwhD0NdOTB2H-BfJQwWdPlNnYggTDd98BrnY-2vduJj7m7qDvLIAgCKkmw_HxLBqStIksF1dKAgJG3jHWtu0gBRgfwF-G2ZRbWgAeDSFe8rn9pElsow0emVD-MWRipXB3LIgmAxEVBWcam9qkb_BZzf3AY1lKfrCMnfNw9oJ5etCDobuVrIEws9dvIzNMD7hpX7GFkp404EoBhWjzeH1927Ht7gmrsmuuQHqS9Jz6NUIvQ87FuTbb7y5EvkE_Dz7BS4g6JtRW7IJhOQjtq7zpPEwm-GsWmQPnV_MWdyzjYPwqIzFuy2MXXY9YLW5M5B5H6gXsL-dngWGprGJ2bGTMx-&sig=Cg0ArKJSzGw49XEo09uW&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

3rd International Conference on Fluid Mechanics and Industrial Applications IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1300 (2019) 012069  doi:10.1088/1742-6596/1300/1/012069

Chaos prediction and control based on time series analysis

Shuxian Deng, Hongen Li*

Department of Basic Courses, Zhengzhou University of Industrial Technology,
Xinzheng, 451150, China

*Corresponding author e-mail: 857931663@qq.com

Abstract. The nonlinear time-series analysis method is used to study the nonlinear large-
scale measurement system and the discrete nonlinear system. For the instability of the
linear steady-scale large-scale pulse system, a class of discrete Lipschitz nonlinear
system dimensionality observer is used. The suboptimal control method for chaotic
discrete systems with time-delay is obtained. The mathematical model of the large-scale
pulsed system and the nonlinear discrete system is established. The instability of the
large-scale steady-turbulence-type impulsive large-scale system is discussed by using
the concept of the metric impulse system. The chaos of the nonlinear large-scale
pulsating large-scale system with perturbation is proved by using the Lyapunov V
function and the comparison principle. Bifurcation, using differential dynamic
programming method to transform the suboptimal control problem of nonlinear discrete
systems with time delay into the optimal control problem of nonlinear discrete systems
without time delay, and realize the control of chaos.

1. Introduction

A system that is non-linear if its output is not proportional to its input. For a single pendulum motion,
its behavior is linear only when its angular displacement is small. In fact, almost all known systems in
the natural or social sciences are non-linear when the input is large enough. Therefore, nonlinear systems
are much more numerous than linear systems. The objective world is inherently nonlinear, and linearity
is only a very special case.

Linear science with linear systems as research objects is far from being able to adapt to the needs of
modern science and technology development. With the deepening of human research on nature, more
problems we face are nonlinear. With powerful analytical methods and tools, including linear algebra,
linear differential equations, Fourier analysis, linear operator theory, and linear theory of stochastic
processes, we have achieved very good results in the study of current problems.

In fact, linear systems are idealized representations of natural phenomena, and the natural phenomena,
normal states, and essential features of nature are nonlinear.

It is well known that the Hamiltonian system has two important conservation properties, namely
symplectic structure and energy conservation. A large number of experimental results show that the
conservation of discrete symplectic structures or energy can be maintained in terms of numerical
stability and accuracy of long-term calculations. The non-conservative format is excellent. However, in
the sense of the B-order method, the numerical method of simultaneously maintaining the symplectic
structure and energy of any Hamiltonian system does not exist. Therefore, the numerical schemes for
solving the Henon-Heiles system and a class of Boussinesq systems are designed from the perspective
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of energy conservation [1-7]. The classical Henon-Heiles system can be written as a finite-dimensional
Hamiltonian system, and its chaotic phenomenon is closely related to the system energy. So is the
numerical algorithm satisfying the conservation of energy is especially important to investigate the
trajectory of the system? We can use the mean vector field method to construct the energy conservation
format of the Henon-Heiles system. By studying the Poincaré section, we can investigate the chaotic
and ordered phenomena of the system. The results show that chaos is not only related to energy, but also
related to initial value state and disturbance. Both energy conservation algorithm and symplectic
algorithm simulate chaos and order well, but the energy conservation algorithm better preserves the
Henon-Heiles system. Energy, and allows for a larger time step.

The general Boussinesq system consists of four parameters. This Boussinesq system can be written
in the form of an infinite dimensional Hamiltonian system, so it has energy conservation. Similarly,
whether the numerical format satisfies the energy conservation has a great influence on the waveform
propagation of the numerical solution. We can The Fourier pseudospectral method is used to construct
the energy conservation algorithm of the Boussinesq system using the mean vector field method. We
also use the midpoint method to construct the symplectic format, and compare the numerical results with
experimental results. It shows that the energy conservation algorithm and the symplectic algorithm both
simulate the chaotic condition of the nonlinear sequence. In addition, the energy conservation algorithm
also maintains the energy of such Boussinesq system well.

The nonlinear scientific research with chaos, fractal, soliton and complexity as the main body unifies
simplicity and complexity, order and disorder, certainty and randomness, inevitability and contingency
in a new and colorful in the natural picture. Since the complexity of the real world mostly originates
from nonlinearity, it is necessary to study nonlinear problems in exploring complexity, and nonlinear
science is a new science established in the process of studying nonlinear problems.

Nonlinear science currently has six main research areas, namely chaos, fractals, pattern formation,
solitons, cellular automata, and complex systems. The birth of nonlinear science has made people realize
that Newtonian mechanics is not only applicable to the study of celestial bodies and microscopic
particles, but also to the study of complex systems composed of multiple elements. Like quantum
mechanics and relativity, nonlinear science represents the future of scientific development. It covers
systems of various scales and involves objects moving at arbitrary rates. The research methods include:
(1) Analytical methods: such as normal perturbation, Linz Ted-Poincaré method, multi-scale method,
average method, KBM method and so on. There are not many nonlinear problems that can be solved
analytically at present. Therefore, the analytical method has limited use; (2) Phase plane method: By
qualitative analysis of the phase curve of the integral curve in the phase space, the motion law of the
system is judged. It is the most intuitive qualitative analysis method, which can reflect the change of the
topological structure of the system solution when the parameters or initial values change. The limitation
is that the quantitative law cannot be obtained. It can not only obtain intuitive qualitative results, but
also other research. The method provides theoretical basis; (3) Numerical method: Through the
numerical solution, the motion law of the nonlinear system under certain parameter conditions and initial
conditions is obtained, which can calculate the time history of various motions of the system (balance,
periodic motion and Aperiodic motion, etc., can also determine the impact of parameters on the system,
and determine the impact of initial conditions on system motion by calculating the attractors and their
boundaries.

Chaos theory has been regarded as the best language and tool for studying nonlinear complex
problems, and has become a hot topic in the world. For example, problems related to turbulence, air
flowing over the wing, weather, and blood flowing through the heart. They are described by nonlinear
equations, which are usually impossible to solve, and chaos is the description of such problems.

2. Prerequisite Knowledge

The discovery of chaos is considered to be one of the three major achievements of physics in the 20th
century. It can be said that "relativity eliminates the illusion of absolute space and time. Quantum
mechanics eliminates the Newtonian dream of controllable measurement processes. Chaos eliminates
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Laplace's illusion about the predictability of determinism.” There are only three things that science in
the 20th century will remember forever, that is, relativity, quantum mechanics, and chaos. Its role in the
whole science is equivalent to the influence of calculus on the mathematical science in the 18th century
[8-11]. The establishment of chaos theory bridges the two scientific systems of determinism and
probability theory. It opens a new chapter in the development of physics, mathematics and even modern
science.

In recent years, chaotic science and other sciences have penetrated each other, whether in biology,
physiology, psychology, mathematics, physics, electronics, information science, or astronomy,
meteorology, economics, and even music, art, etc. Chaos has been widely used.

2.1. Li-Yorke Definition [3]
The continuous self-mapping f(x) on the interval | can determine that it has chaos if the following
conditions are met:

(1) The period of the periodic point of f has no upper bound;

(2) There is an uncountable subset S on the closed interval I, which satisfies:
() lim sup | f"(z) — f"(y)| >0, forz,y€ S,z +y.

(i) lim inf|f" () — f"(y)| =0, forz,y € S .
(iii) lim sup | f" () — f"(y)| >0, for z €S and y (Any cycle point of f ).

This definition accurately depicts several important features of chaotic motion:
(1) There are countable infinitely stable periodic orbits

(2) There are uncountable infinitely stable aperiodic orbits

(3) There is at least one unstable aperiodic orbit.

2.2. Devaney Definition [4]
Let V be a metric space, mapping f:V — V. If the following three conditions are met, then f is said to

be chaotic on V.
(1) Initial value sensitive dependence. There isé >0, forany € >0 andanyz €V , thereisay

and a natural number n in the neighborhood of x, so thatd (f" (z) — f"(y)) >6.

(2) Topological transitivity. For any open set X, Y on V, there isK >0, f*(X) NY +&.
(3) The periodic point set of f is densein V.

2.3. Definition of physics: So-called Chaos Refers to A Class of Phenomena with the Following
Characteristics

(1) Produced by certainty.

(2) It is bounded.

(3) Has a non-periodic.

(4) Extreme sensitivity to initial conditions.

In the study of chaos, people are concerned about the following basic issues:

(1) Can you assert that a given system will exhibit deterministic chaotic motion?

(2) Can you explain the chaotic motion in mathematical language and make some quantitative
descriptions of it?

(3) The existence of chaotic motion indicates that it is impossible to make long-term predictions for
some nonlinear systems, so whether some useful information can be obtained from chaotic signals.
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2.4. Qualitative and Quantitative Methods of Chaotic Motion
In the study of chaos, chaos can be characterized by qualitative and quantitative angles, mainly to
analyze the qualitative and quantitative methods of chaotic motion of the system.

(1) Direct observation method

(2) Frequency division sampling method

(3) Poincarésection method

(4) Phase space reconstruction method

(5) Lyapunov exponential analysis

(6) Self-power spectral density analysispaper.

According to the Fourier analysis theory, any periodic signal z(¢)with a period T can be expanded
into a Fourier series. The physical meaning is that any periodic motion can be regarded as a superposition
of the fundamental frequency w, = 27/T and a series of pan-resonancenwy .

z(t) = Z a, e’ (1)
1 /2 oy
4 =7 o z(t)e dt (2)
ri= £ (z.) [ el <o ®
(n)
oz, = |f(n) (350 + 5550) - f(n) (370) | = dfd—x(xo)&o 4)

The Burg algorithm in the maximum spectrum analysis is used to estimate the A R model parameter.
The estimation criterion of the algorithm is that the sum of the variances of the forward prediction error
and the backward prediction error is the smallest, which is consistent with the target of the prediction
problem, and is a fast recursive algorithm.

() = (1/27) / :X(w)e“"tdw )
X (w) = / :x(t)ewtdt ©)
Soc() = [ Rueax @
R = [ e do ®

In the process of continuous iteration, after two iterations of the original two points, the distance
between the two points is:
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ne nn(zo) — |g(n) (1170 + 8) _ f(N) (170) | (9)
n (k)
o= liml ln‘df—(x) e—=>0,k— o0 (10)
noee M 4= dr  |,—,
() — @ (n)
6(xp) = lim lim lln f7 (@0 +0) = f7(20) = lim lln‘df @) (1)
n—ocooc—0T T o0 T dﬂ;

Through the study of chaos control and its application, we gradually grasp the instability,
uncontrollability and unreliability of chaotic motion, and have a further understanding of the topological
structure of chaotic strange attractors.

3. Organization of the Text
We consider the following control model for time series analysis

:(n+iln) =9,(n+iln) +;Au(n), i=1,2, N (12)
M
i (M 43 M) =4o(M+ilM) + > pioy 1 du(i+j—1) (13)
k=1
K P
maxP (i) = Y plwG+D —zk+1)]*+ Y q¢du(p+qg—1) (14)
j=1 A=1
Ty =0 —TiQ 1 — ToQy o~ ~TpQy_, (15)
O'(B) :1_613_62.82_"‘_61,.817 (16)

Combining the above (12)-(16), using the moving average model method, introducing the sliding
average operator

Typ (N) = Zumo (N> — TAup (k) (7)
T, =02, (18)

Using the sliding autoregressive mixing method to fit the time series with the autoregressive model,
you can get

b., (n) = 2Zak—1 (m)fkfl(m - Z) + 52041?—1 (m>f2k71(m - 71) 2 (19)

oi(m)=Q0—=6(m))oi(m—1) —a,(m) fi_1(n+1) (20)
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In which, 6;(k), a,;(k), o;(k), i=1,2, -+ K is the Parameter valuation of A R (k), The
residual sequence {e(n)} of the model is used as the prediction error to replace the unpredictable white
noise component Ty, (n). The pt+q+2 parameters are used, and the generalized features of these

sequences are similar. Under the premise of allowing horizontal error, the level of fluctuation has a
certain degree of stability.

AN o Ay
Ty (p+ 1k To(k+1)m
Trr(m) = : , Trp(m) = : P=|0 - X\ (21)
zr(m+k)p Zr(n+k)p
A, 0 0.

Here A is the dynamic matrix formed by the step response coefficients. The objective function can
be described as:

maxp(2)z, =w(2)P* X, (22)

Where: ©(7),2=1,2,....,k is the parameter estimate of the AR, o (k) is the variance estimate

of the residual sequence, k is the model order, and xx(n)} by(n) are the forward prediction error and the
backward prediction error, respectively. The statistical test of the model occupies an important position
when fitting the actual data sequence. For a random sequence {x(n)}, it includes both predictable and
unpredictable parts, x(n) -x,(n)=xgp(n). For the prediction problem, the predictive component is
extracted as much as possible. X,(n). The unmeasurable component x, is theoretically a white noise
signal and can only be used as an inherent prediction error. The statistical relationship between the
sequence data is quantitatively expressed by the model, so that the control and prediction of chaos can
be realized by using the past sequence values.

N-1 P/N

1
V(k) - N_1 N_1 (23)
> o2k
1=11
o= Wk+1) +-p(K+P))" (24)
pp 0 = 0 r, 0 - 0
0 e 0 0 e 0
v=|_ L el (25)
0 0 - p, 0 0 - ry

4. Chaotic Parameter Estimation and Feedback Correction

Substituting (21)-(25) into (26) according to the above-mentioned error weight matrix and control
smoothing weight matrix, at time K, the state space model of the stochastic process is based on the so-
called Markov property, that is, the future state of the process only Depends on the current state, and
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has nothing to do with the past state. The state space model consists of a state equation and a
measurement equation. In many cases, the coefficient matrix of the state space model can be obtained
according to the actual background of the problem, or can be obtained by deriving other models. For
example, the smooth model and the ARMA model can be written in the form of a state space model (3)-
(24). But it makes more sense to study how to directly identify the coefficient matrix based on the
observed data. This can usually be done using Akiake's canonical correlation analysis and Aoki's
singular value decomposition method. In order to minimize the identification parameters, the coefficient
matrix is often taken as a 8canonical structure. The canonical structure representation is the least number
of parameters, but is sensitive to data errors.

The Bayesian prediction method is mathematically complex, especially the transition probability is
difficult to calculate, but this method can reflect human subjective information into the model, and can
predict by means of the model with few data, and the model can handle structural changes. The
intervention analysis model was mentioned earlier, but the intervention model requires certain
observation data before and after the “intervention”, otherwise it cannot be modeled, and the Bayesian
prediction method does not have such a restriction.

For o, (p), Qo (k) are all known, with the necessary condition of extremum value, we can get

Au, (m) from P (k).

ATQ((WP (k) — Ypo (k)>)

A = 26
) =TT Gy () @
Apply rolling optimization strategy, and directly calculate the control rate, one can get

Ay (m) = C (Auy (K))d((w, (k) =y, (k))) (27)

We can use the following steps to calculate its predicted value:

M
P,(1)=R,(k) > cuz(n+1—k) (28)
k=1

M+k—1 M

P,(k)=R,(k) > cx(n+1—k) +AY o/ 'P(n—k) (29)
k=1 k=1

From this, the prediction result of actual chaos can be obtained

Vi=XMX, +MX, 1+ XX, o+=0cv(B)X,+X(B)T(B)a, (30)

It can be proved that the optimal prediction of chaos can be achieved by using the results calculated
by the above formula.

5. Conclusion

Chaos control and synchronization have attracted widespread attention. Some countries have invested
huge amounts of research funding and a lot of manpower and resources to intensify the exploration of
various experimental research and key technologies in chaos control and synchronization and its
applications in many sectors, such as military, energy, industry, medicine, electronic engineering, etc.
Research in this area has been increasingly integrated with the development of high-tech. The discovery
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of chaos is the third physics revolution after the discovery of quantum mechanics and relativity in the
century. The first two scientific revolutions have brought unparalleled material and spiritual civilizations
to human beings, such as nuclear energy, aerospace, computers, lasers and Superconductivity and so on
are shocking and endless achievements. We believe that the third scientific revolution, which is being
carried out with the application of chaos control and synchronization, will increasingly show great
potential for application and further contribute to the high civilization of mankind.

Compared with the actual results, the prediction results in this paper have maintained good
consistency in terms of trend, sequence structure and numerical values. At the same time, this time series
analysis method is more effective for short-term prediction, and the effect is also ideal for medium and
long-term prediction.
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