
‘

Scalable Computing: Practice and Experience, ISSN 1895-1767, http://www.scpe.org
© 2024 SCPE. Volume 25, Issues 4, pp. 2282–2289, DOI 10.12694/scpe.v25i4.2985

RBF NEURAL NETWORK FOR CHAOTIC MOTION CONTROL OF COLLISION
VIBRATION SYSTEM

SHUYU ZHOU∗

Abstract. Aiming at the control problem of chaotic motion of a kind of collision vibration system with gap, a chaotic motion
control of collision vibration system based on RBF neural network is proposed. Firstly, the system mechanical model and chaotic
motion are introduced, and then a chaotic controller based on RBFNN is designed to control and simulate the chaotic attractor.
The model information of the system is not used in the control method. In this paper, the model of the system is used only to
generate the input / output data of the system, and it is not used for the design of the controller. The parameters of AHGSA
algorithm are set as follows: the population size is 30, the maximum number of iterations is 100,G0, a = 18, and the proportional
coefficient P = 0.96. Small disturbances are applied to the controllable parameter ωof the system to suppress the chaotic motion of
the system and make the system tend to stable periodic motion. In order to more clearly show the control effect of chaotic motion,
the chaotic motion is controlled when the system iterates 400 times. The results show that the chaotic motion can be quickly
controlled to periodic 1-1 motion, the phase diagram is a closed curve, and there is a peak in the spectrum diagram. Chaotic
motion can be quickly controlled as periodic 2-2 motion, the phase diagram is two closed curves, and two obvious peaks appear
in the spectrum diagram. The proposed method can effectively control the chaotic motion of the system, and the expected target
can be not only the fixed point of period 1, but also other periodic orbits.
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1. Introduction. Collision vibration system with gap widely exists in practical engineering systems such
as locomotives, vehicles and mechanical equipment. Its dynamic behavior is rich and complex (including
bifurcation and chaos). Effectively controlling the chaotic behavior of this kind of system has important
theoretical significance and engineering application value to ensure the safe service of the system [1]. However,
due to the existence of collision behavior, the system speed will jump before and after collision, resulting in
continuous but not smooth system displacement. This kind of system has non smooth nonlinear characteristics.
Therefore, some dynamic theories and control methods suitable for smooth systems are difficult to be directly
applied to such systems. The compliance control framework of teleoperation system based on RBF neural
network is shown in Figure 1.1 [2]. In order to optimize the working effect, it is necessary to study the theory
and method of chaotic motion control for collision vibration system [3]. In practical application, due to design,
manufacturing or assembly errors and other factors, there will be gaps between parts in the mechanical system,
resulting in collision and vibration between parts under external incentives [4].

2. Literature review. In view of this problem, Huynh, T. T. et al. firstly from the viewpoint of modern
dynamical system, studied a unilateral constrained oscillator, analyzed the local bifurcation of periodic motion
by using the central manifold theorem, and analyzed its chaotic motion by using the homoclinic phase cut
condition [5]. Burdukovsky, I. et al. studied the two degree of freedom collision vibration system excited by
simple harmonic force by numerical simulation method, and confirmed that it leads to chaos through period
doubling waterfall [6]. Jaddi, N. S. et al. first proposed a strategy to control chaos, the famous 0GY method,
by using the sensitivity of chaotic system to parameter changes and the density of unstable periodic orbits
of chaotic attractors [7]. Xu, Z. et al. proposed different improvement measures and further developed the
0GY method [8]. Lian, HH et al. proposed the idea of state delay feedback control to control chaos. Due
to non-smooth factors such as collision, impact and dry friction, the vector field will be non-differentiable or
discontinuous, so that the traditional theory of smooth dynamical system cannot be directly used in non-smooth
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Fig. 1.1: Compliance control of teleoperation system based on RBF neural network

dynamical system, and some control methods for smooth dynamical system are no longer applicable in non-
smooth dynamical system [9]. Due to the existence of collisions, the collision vibration system has non-smooth
and strong nonlinear characteristics. Its complex and unstable dynamic behavior (such as chaotic behavior) will
not only cause noise or wear of mechanical parts, but even endanger the safety of the system. For example, due
to the existence of wheel rail gap, when the running speed of locomotive and vehicle is higher than the critical
speed of locomotive and vehicle hunting motion, with the increase of running speed, the hunting motion will
gradually deteriorate, the vibration displacement of each rigid body will become larger and larger, and finally
there will be bifurcation phenomenon and chaotic operation state. Violent collision between wheel and rail will
lead to the deterioration of locomotive and vehicle running performance. It may not only damage wheel sets
and lines, but also cause derailment accidents. The flow of the vehicle collision vibration system is shown in
Figure 2.1. Muthukumar, P. et al. proposed the control strategy of fitting Poincare map by experimental data
and pole assignment by partition [10]. Congxu et al. localized the rub-collision mapping of the rotor near the
rubbing track, and fitted the local mapping through experimental data, and controlled the chaotic motion of
the rub- collision rotor system by variable delay feedback control method [11]. Qi, G. et al. proposed a new
feedback control method that uses a small amplitude control signal to change the energy of a chaotic system to
achieve the purpose of controlling chaos [12]. Wang, H. et al. used a piecewise linear absolute value function to
obtain the control signal. In the actual control process, chaos control was performed by changing the damping
coefficient [13]. Fan, J. et al. applied this method to a single-degree-of-freedom collision vibration system to
control chaos [14]. Zotos et al. proposed a kind of single-degree-of-freedom collision oscillator position control
strategy based on the feedback control idea [15]. E K ö se et al. Proposed chaos control strategy based on state
variable predictive feedback and nonlinear delay feedback chaos control strategy for a class of single degree of
freedom collision vibration system, and proposed parameter self-adjusting chaos control strategy for a class of
two degree of freedom collision vibration system [16]. Zeng, H. B. et al. realized the control of chaotic motion
of a class of single degree of freedom collision vibration system by 0GY method [17]. Kong, L. et al. realized the
position control of a two-degree-of-freedom collision vibration system under asymmetric bilateral constraints
based on feedback control ideas [18]. Zeng, Z. P. et al. realized the control of chaotic motion by changing
the damping coefficient of a single degree of freedom collision vibration system. Most of the existing control
methods for the chaotic motion of collision vibration systems require knowledge of the controlled system model.
However, it is not easy to accurately model the actual engineering system. Unmodeled dynamics are always
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Fig. 2.1: Process of car collision vibration system

difficult to avoid, which makes it difficult to optimize the traditional control methods. The control performance
[19]. On the basis of the current research, the chaotic motion control of the collision vibration system based on
the RBF neural network is proposed. First, the system mechanics model and chaotic motion are introduced, and
then the chaos controller based on RBFNN is designed, and the chaotic attractor is controlled and simulated.
The model information of the system is not used in the control method. In this paper, the model of the system
is used only to generate the input / output data of the system, and it is not used for the design of the controller.

The parameters of the AHGSA algorithm are set as follows: the population size is 30, the maximum number
of iterations is 100, G0=130, a=18, and the proportional coefficient p=0.96. A small disturbance is applied
to the controllable parameter of the system ω to suppress the chaotic motion of the system and make the
system tend to a stable periodic motion. In order to show the effect of chaotic motion control more clearly, the
chaotic motion is controlled when the system is iterated 400 times. The results show that chaotic motion can
be quickly controlled to a period of 1-1 motion, the phase diagram is a closed curve, and a peak appears in
the spectrogram. The chaotic motion can be quickly controlled to a period of 2-2 motion, the phase diagram
is two closed curves, and the spectrogram shows two obvious peaks. Simulation analysis shows that effective
chaos control cannot be completed.

And when the number of hidden layer nodes increases, the nonlinear mapping ability of the controller
is enhanced, and the intelligent algorithm optimizes the appropriate controller parameters, the control effect
becomes better.

3. Methods.
3.1. System mechanics and chaotic motion. The control of chaotic motion of a collision vibration

system with gap and a class of single degree of freedom collision vibration system with gap are studied. The
mass is denoted by M, and its displacement is denoted by X. The mass and the left rigid constraint are connected
by a linear spring with a stiffness of K and a linear damper with a damping coefficient of C. When the mass
M is in the equilibrium position, the gap between it and the right rigid constraint is B. The simple harmonic
incentive force acting on the mass is Fsin(ΩT + τ).

If the collision duration is negligible, the differential equation of system motion is:{
MẌ + CẊ +KX = Fsin(ΩT + τ), X < B

Ẋ+ = −RẊ−, X = B
(3.1)

where Ẍ, Ẋ and X are the acceleration, velocity and displacement of the mass M. M, C, K are the mass of M,
the damping of the linear damper and the stiffness of the linear spring respectively. Ẍ, Ẋ is the instantaneous
velocities before and after the collision between mass M and the right rigid constraint, respectively. R is
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Fig. 3.1: Chaotic attractor

the coefficient of restitution. Without loss of generality, introduce the dimensionless quantity x = XK
F , ζ =

C√
MK

, ω = Ω
√

M
K , t = T

√
K
M , b = BK

F and carry on the dimensionless transformation to the Equation 3.1, and
get: {

ẍ+ 2ζẋ = x = sin(ωt+ τ), x < b

ẋ+ = −Rẋ−, x = b
(3.2)

where ẋ−, ẋ+ are the instantaneous velocities before and after the collision between the mass M and the right
rigid constraint.

In order to study the evolution mechanism of system dynamics, the instantaneous cross-section σ after
collision is selected, σ = {(x, ẋ, θ) ∈ R2×S1|x = b, ẋ = ẋ+}, where θ = ωtmod2nπ is the Poincare cross-section,
and the parameter that affects the system dynamics—the frequency of the simple resonance excitation force ω is
the bifurcation parameter, set ζ = 0.2 and R=0.8, b=0.05, numerical simulation of the bifurcation phenomenon
caused by the change of the system state with the frequency of the simple harmonic incentive force ẋ.

When the frequency of the harmonic incentive force ẋ changes within a certain range, the system has a
stable period n-1 motion. However, as ω increases, the system will undergo period-doubling bifurcation, and
eventually evolve into chaotic motion. And there are some period windows in the chaotic motion process,
which is one of the typical characteristics of chaotic motion of nonlinear systems. With the further increase of
ω, chaotic motion will degenerate into periodic motion [20]. When c=2.65, as shown in Figures 3.1 and 3.2,
the phase plan of the system is not repeated but chaotic. At the same time, the irregular scattered point set
in the Poincare cross section and the continuum in the spectrogram also indicate that the system is in chaotic
motion. Figure 3 shows the chaotic attractor of the system on the Poincare section.

3.2. Design of chaos controller based on RBFNN. Since the chaotic motion is caused by the changes
of some key parameters of the nonlinear dynamic system, based on this, this paper controls the chaotic motion
based on the principle of the parameter feedback chaos control method. That is, the RBF neural network chaos
controller outputs a small disturbance to the controllable parameters of the system, and the chaotic motion is
controlled to the desired regular motion by dynamically adjusting the controllable parameters of the system
[21]. When designing a chaos controller, the RBF neural network has a three-layer structure, including an
input layer, a hidden layer and an output layer. According to the chaotic motion control target, two distances
are taken as the inputs of the controller. One is the distance between the projection point on the Poincare
section after K iterations, which can reflect the movement trend of the system approaching a stable period 1-1,
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Fig. 3.2: Spectrogram of ẋ

and the projection point on the Poincare section after k-1 iterations. The other is the distance between the
projection point on the Poincare section after k-1 iterations and the projection point on the Poincare section
after k-2 iterations. The output of the controller is defined as the slight adjustment of the excitation frequency
or damping coefficient of the system (that is, the small disturbance of the controller output is a controllable
parameter applied to the system). Therefore, it is determined that the input layer of the RBF neural network
has 2 nodes and the output layer is 1 node [22].

4. Results and analysis. The chaos control method proposed in this paper is used to control and simulate
the chaotic attractor shown in Figure 3.1. The control method does not use the model information of the system.
The model of the system is used in this paper to generate the input/output data of the system, and it is not
used for the design of the controller [23].

The Gaussian RBF neural network is selected for chaos controller design, and after comparative analysis,
it is found that when there are less than 5 hidden layer nodes, the simulation analysis finds that effective
chaos control cannot be completed due to the weak nonlinear mapping ability of the controller. And when
the hidden layer nodes increase, the nonlinear mapping ability of the controller will be enhanced, and the
intelligent algorithm will be optimized to the appropriate controller parameters, and the control effect will
become better [24].

However, with the further increase of hidden layer nodes, the control device structure will become more
complicated, the controller parameters that need to be determined will also increase exponentially. It becomes
more difficult for the intelligent algorithm to find the appropriate controller parameters, and the optimization
efficiency of the algorithm decreases accordingly. According to the basic principle of determining the number
of nodes in the hidden layer of the neural network (i.e., the network structure as compact as possible shall be
selected under the premise of meeting the performance requirements of the control system, that is, the number
of hidden layer nodes should be as few as possible), choose the least number of hidden layer nodes that can
complete effective chaos control, that is, select 5 hidden layer nodes in the network. The parameters of the
AHGSA algorithm are set as follows: the population size is 30, the maximum number of iterations is 100,
G0 = 130, a=18, and the proportional coefficient p=0.96. A small disturbance is applied to the controllable
parameters of the system ω to suppress the chaotic motion of the system and make the system tend to a stable
periodic motion [25]. In order to show the effect of chaotic motion control more clearly, the chaotic motion is
controlled when the system is iterated for 400 times [26].

Figure 4.1 is a simulation result diagram of controlling chaotic motion into period 1-1 motion, showing
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Fig. 4.1: Controlled period 1-1 motion of the system

Table 4.1: RBF neural network parameters (period 1-1)

Hidden layer node Center Center width Weights connecting hidden
layer and output layer

-0.4644,0.0625 0.1552 -0. 1294
0.0144,0.4323 0.4958 0.6095
0.3885,-0.1883 0.5481 0.6571
-0.4652 ,0.9523 0.9752 1.8718
0.1788,-0.4594 0.4056 -0.7668

the effect of chaotic motion control based on AHGSA-RBFNN. The parameters of the RBF neural network
optimized by the AHGSA algorithm are shown in Table 4.1.

It can be seen from Figure 4.1 that the chaotic motion can be quickly controlled to a period of 1-1 motion,
the phase diagram is a closed curve, and a peak appears in the spectrogram.

Figure 4.2 is the simulation result diagram of controlling chaotic motion into period 2-2 motion. The
parameters of the RBF neural network optimized by the AHGSA algorithm are shown in Table 4.2.

It can be seen from Figure 4.3 that the chaotic motion can be quickly controlled to a period of 2-2 motion,
the phase diagram is two closed curves, and the spectrogram shows two obvious peaks.

5. Conclusions. In this paper, RBF neural network for chaotic motion control of collision vibration system
is proposed. The intelligent optimization control method based on RBF neural network is used to study the
control of chaotic motion of a class of collision vibration system with gap. The Gaussian RBF neural network is
selected for chaos controller design, and after comparative analysis, it is found that when there are less than 5
hidden layer nodes, due to the weak nonlinear mapping ability of the controller. Simulation analysis shows that
effective chaos control cannot be completed. And when the hidden layer nodes increase, the nonlinear mapping
ability of the controller is enhanced, and the intelligent algorithm is optimized to the appropriate controller
parameters, and the control effect becomes better.
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