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1-INTRODUCTION

In the literature there are several electronic circuits 
which can be used to generate chaotic signals for 
applications in communication systems. Some examples 
are the Chua´s circuit [1-3], the Lorenz-based chaotic 
circuit [4], the chaotic Rössler circuits [5] and the particle
in a box electronic circuit [6]. In this work, the electronic 
bouncing ball circuit [7] is applied in a communication 
system. In this case, the error feedback synchronization 
[2] between two coupled chaotic systems (transmitter and 
receiver) is used to implement a security communication 
system. The scheme proposed was simulated and the 
results were discussed.

2-PURPOSE

The scheme proposed is based in the chaotic 
behavior of the bouncing ball electronic circuit of Figure 
1. This circuit is described by equation (1).
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The dynamic behavior of the system described by 
equation (1) depends on the bifurcation parameters
frequency w or amplitude A of the signal 

)sin(wtAVTD  ). In this work, the bifurcation parameters 

( VAesradw 02.0/400   ) were chosen to a chaotic 

behavior of the system. 
The scheme proposed is illustrated on Figure 2. The 

transmitter (drive system) is implemented by the circuit of 
Figure 1. The receiver is composed by the response 
system, the circuit of Figure 3, and a processing block 
which could be implemented with electronic components.

The input information is a data stream with three 
levels m(t). The signal VCD of the transmitter system is 
sent to the receiver system. The signals VTD and VTR are 
not in phase. The error feedback synchronization 
technique [2] is applied to get the generalized 
synchronization between the transmitter (drive) and 
receiver (response) systems. The signals VBR and VCR are 

estimated in the receiver and they are used by the a 
processing block to recovery de information like )(ˆ tm . The 

processing block is described by equation (2) and it can be
implemented by operational amplifiers.
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Figure 1. The electronic bouncing ball circuit. AO are 
operational amplifiers of kind 741. D1 is a diode 1N4148. 
Resistors (R= R2=10kΩ, RL=510Ω e Ri=1MΩ). Capacitors 
(C=C2=0.047uF). Source of information m(t).

Figure 2. Chaotic communication system



Figure 3. Electronic circuit of response system. AO are 
operational amplifiers of kind 741. D1 is a diode 1N4148. 
Resistors (R= R2=10kΩ, RL=510Ω, Ri=1MΩ and RA=4.53 
kΩ). Capacitors (C=C2=0.047uF). Source ViR=1.5V.

3-METHODS, SIMULATION AND RESULTS

The system of Figure 2 was simulated using a 
computational numerical method. A data stream with 
three levels m(t) of Figure 4 was used like the input 
information. The signal VCD of the transmitter was sent to 
the receiver. After the chaotic synchronization between 
drive and response systems, the signals VBR e VCR are 
estimated in the receiver. These signals were used to
recover the binary input information )(ˆ tm . The signals 

generated in computational simulations are illustrated on 
Figure 4.

Figure 4. Simulations of the communication system
proposed.

4-DISCUSSION

The results of simulations exhibited on Figure 4 
show the full synchronization between drive and response 
system. The full synchronization can be matched through 
the element RA of the response system as shown on 
Figure 3. In this case, the signals VCD and VCR are 
identical. The same occurs with VBD and VBR. A security 
communication system can be implemented with this 
scheme proposed. The signal sent by the transmitter could 
be VCD or VBD. The better choice would be a chaotic 
signal without correlation with the information signal. 

5-CONCLUSION

The results of simulations show the application of the 
bouncing ball electronic system in a communication 
system. The scheme proposed could be used in security 
communication systems.

ACKNOWLEDGMENTS

The authors thank to Department of Electrical 
Engineering of State University of Londrina and 
University of São Paulo for the support.

REFERENCES

[1] Z. Hu and X. Chen, “Synchronization of chaotic 
cryptosystems based on Chua’s circuits with key 
functions”, Dynamics of continuous discrete and 
impulsive systems – series A – Mahematical 
Analysis, Vol 13, pp. 489-499, October 2006.

[2] G. Kolumbán, M. P. Kennedy, and L. O. Chua, “The 
Role of Synchronization in Digital Communications 
Using Chaos – Part II: Chaotic Modulation and 
Chaotic Synchronization”, IEEE Transactions on 
Circuits and Systems-I: Fundamental Theory and 
Applications, Vol. 45, No. 11, pp.1129-1140, 
November 1998.

[3] A. A. Alexeyev, and M. M. Green, “Secure 
Communications Based on Variable Topology of 
Chaotic Circuits”, International Journal of 
Bifurcation and Chaos, Vol. 7, No. 12, pp. 2861-
2869, December 1997.

[4] K. M. Cuomo, A. V. Oppenheim and S. H. Strogats, 
“Synchronization of Lorenz-Based Chaotic Circuits 
with Applications to Communications”, IEEE 
Transactions on Circuits and Systems II: Analog and 
Digital Signal Processing, Vol 40, No. 10, pp. 626-
633, October 1993.

[5] J. H. Garcia-Lopez, R. J. Reátegui, A. N. Pisarchik, A. 
M. Hernandez, C. M. Gutiérrez, R. V. Hernandez, 
and V. Rauda, “Novel communication scheme based 
on chaotic Rössler circuits”, International Conference 
on Control and Synchronization of Dynamical 
Systems, Journal of Physics: Conference Series, Vo. 
23, pp. 276-284, 2005.

[6] J. C. Pizolato Jr., M. A. Romero, and L. G. Neto, 
“Chaotic communication based on the particle-in-a-
box electronic circuit’, IEEE Transactions on Circuits 
and Systems-I: Regular Papers, Vol. 55, No. 4, 
pp.1108-1115, May 2008.

[7] R. Zimmerman, S. Celaschi, and L. G. Neto, “The 
electronic bouncing ball”, American Journal Physics, 
Vol. 60, No. 4, April 1992.


