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method is very useful and simple for transforming the 
unstable fixed points to stable ones, it is not always 
possible to find an appropriate control parameter or 
the system can go unstable if the perturbation time is 
long.

Figure 5 
The largest Lyapunov exponent for different control 
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In this paper, in order to eliminate these drawbacks 
of the existing control methods, the eigenvalues of the 
Jacobian matrix of the chaotic system have been eval-
uated for different values of the chaoticity parameter, 
which leads to chaotic behaviour. The fixed points are 
stable for the chaoticity parameter that makes the 
maximum eigenvalue of the system smaller than “1”. 
Based on the value of the maximum eigenvalues, a set 
of suitable fixed points has been created and the suit-
able one is determined by using a lookup table. Then, 
an adaptive neural network control scheme has been 
applied to chaotic system to force the chaotic trajec-
tory to converge to the stable fixed point. Hence, the 
proposed method is not sensitive to variation in cha-
otic dynamics.

Proposed control scheme
The proposed control scheme is a back propagation 
neural network with a novel adaptive learning rate 
consisting of three layers of neurons (input layer, hid-
den layer and output layer), as shown in Fig. 6 [18].

Here, (x  ,,.....2,1     , ) ,(x Nkykk =  are the input patterns 
generated iteratively from Eq. (1); N  is the finite 
number of input patterns; )  ,( ii yx  are the output pat-
terns that should have to be approximated to the fixed 
points, ) ,( ** yx . The generalized model of the pro-
posed control system is shown in Fig. 7. 
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In the adaptive neural network (ANN) block in Fig. 
7, the error is back-propagated to update the weights, 
and the outputs (perturbed states) are converged to 
the stable fixed point. The learning phase of the ANN 
has two steps. In the first step, the output of the net-
work is calculated based on the structure of the net-
work using previous weights and bias values from the 
first layer to the forward. The following calculations 
are done in the first step.
The input to the k th neuron of the hidden layer is de-
noted by KI  and is given by:
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control method. The objective is to stabilize the chaotic 
trajectory of Ikeda map given by Eq. (1) to a stable target 
fixed point, which has been determined by Eq. (5).
In this study, sB  was chosen as 0.3 in the interval of 

)4.0 ,0( , where the maximum Lyapunov exponent is 
negative. For 3.0Bs = , the stable fixed point has been 
calculated as 038.0  ,772.0 ** == yx . For this target 
point, the proposed neural network has been trained 
using a set of some arbitrary trajectories with random 
initial values, and a training set with 500 input pat-
terns has been constructed for test purpose. 
The ANN training parameters are given in Table 1. 
The optimal values of these parameters are obtained 
based on the simulation trials. 

Table 1 
ANN training parameters

Parameters Values

Transfer function in hidden and 
output layers tansig

Number of hidden neurons 10

Initial weights and bias [0,0]

Learning rates, zyx η=η=η 0.1

φ 2

ς 0.9

Fig. 8 shows the time series plot of the system states, 
when the proposed control scheme is applied.

Figure 8 
Time series plot
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As can be seen from Fig. 8, the state variables reach 
the stable target fixed point immediately after the 
control action has been switched on at 500k .  
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Figure 9. Variation of maximum Lyapunov exponent of the 
controlled system (after k=500). 

 
Fig. 9 shows the variation of the maximum Lyapunov 
exponent, max , of the chaotic system as well as the 
controlled system for this training set. It is clear that 
the positive Lyapunov exponent of the chaotic system 
becomes negative after control action has been taken. 

 

5. Conclusions 
In this paper, the control of chaos, which may occur in 
electronic systems, has been studied. For this purpose, 
a neural network control scheme with an adaptive 
learning rate has been proposed to control the chaotic 
trajectory of the Ikeda type chaotic system in the 
vicinity of the stable fixed point. The stability of the 
fixed points has been examined by calculating the 
eigenvalues of the Jacobian matrix at different values 
of the chaoticity parameter in a certain range that 
affects the chaotic properties of the system. The 
variation of the maximum Lyapunov exponent with 
respect to the chaoticity parameter has been 

investigated, and a relationship between the maximum 
Lyapunov exponent and the stability of the fixed 
points has been presented. Simulation studies showed 
that the proposed method can successfully stabilize 
the chaotic trajectory of the system to the target stable 
fixed point, where the maximum Lyapunov exponent 
is negative. 
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Fig. 9 shows the variation of the maximum Lyapunov 
exponent, maxσ , of the chaotic system as well as the 
controlled system for this training set. It is clear that 
the positive Lyapunov exponent of the chaotic system 
becomes negative after control action has been taken.

Conclusions
In this paper, the control of chaos, which may occur in 
electronic systems, has been studied. For this purpose, 
a neural network control scheme with an adaptive 
learning rate has been proposed to control the chaot-
ic trajectory of the Ikeda type chaotic system in the 
vicinity of the stable fixed point. The stability of the 
fixed points has been examined by calculating the ei-
genvalues of the Jacobian matrix at different values of 
the chaoticity parameter in a certain range that affects 
the chaotic properties of the system. The variation of 
the maximum Lyapunov exponent with respect to the 
chaoticity parameter has been investigated, and a re-
lationship between the maximum Lyapunov exponent 
and the stability of the fixed points has been presented. 
Simulation studies showed that the proposed method 
can successfully stabilize the chaotic trajectory of the 
system to the target stable fixed point, where the maxi-
mum Lyapunov exponent is negative.
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A neural network control scheme with a novel adaptive learning rate is proposed to stabilize the chaotic tra-
jectory of the chaotic system to a stable fixed point. A new approach is proposed to determine the stability of 
the fixed points in which the eigenvalues of the Jacobian matrix of the chaotic system at different values of the 
chaoticity parameter are evaluated and a look-up table is created to find a suitable fixed point that has a nega-
tive Lyapunov exponent. During learning phase of the neural network, weight parameters are adjusted so that 
the chaotic trajectory converges to a stable fixed point and the maximum Lyapunov exponent of the controlled 
system becomes negative. The effectiveness of the proposed method is investigated through simulation studies 
on 2 dimensional Ikeda map, which is produced by a semiconductor laser system.

Straipsnyje siūloma neuroninio tinklo valdymo schema, pasižyminti nauju adaptyviu mokymosi greičiu tam, 
kad būtų galima stabilizuoti chaotiškos sistemos chaotišką trajektoriją iki stabilaus ir pastovaus taško. Siūlo-
mas naujas metodas, leidžiantis nustatyti pastovių taškų, kuriuose vertinamas chaotiškos sistemos Jakobiano 
matricos tikrinių verčių stabilumas skirtinguose chaotiškumo parametrų įverčiuose. Sudaryta lentelė, kurio-
je galima rasti tinkamą pastovų tašką, turintį neigiamą Liapunovo rodiklį. Neuroninio tinklo mokymosi fazės 
metu svorio parametrai sureguliuojami taip, kad chaotiška trajektorija konverguoja į stabilų pastovų tašką, 
maksimalus valdomos sistemos Liapunovo rodiklis tampa neigiamas. Siūlomo metodo efektyvumas tiriamas 
per simuliacinius 2D Ikedos žemėlapio, sukurto puslaidininkio lazerio sistema, tyrimus. 

Summary / Santrauka




