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Abstract
The describing function theory is a powerful mathematical tool to predict oscillations in non-linear dynamical systems. This theory is here invoked to design a
random signal generator and realized by using analog
electronic elements. Then, and according to experimental results, histograms of the resultant signal are shown
along with the generated signal in the time domain. Finally, the proposed electronic circuit is simple and cheap
to construct.
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Introduction
A random signal generator can be interpreted as an
oscillator device but producing a random signal instead
of a periodic one. This includes the chaotic oscillator
systems. [Buchovecká et al., 2017; Vazquez-Medina
et al., 2009]. Moreover, many chaotic oscillator circuits
have been recently reported [Minati et al., 2020; Zhou
et al., 2015; Piper and Sprott, 2010; Karakaya et al.,
2019]. The design of these systems is based on the
theory of chaotic dynamical models. Furthermore,
some chaotic oscillators are too complex to implement
because some of them use analog signal multipliers.
[Yildirim and Kacar, 2020; Pham et al., 2017]. In
contrast, there is a simple chaotic circuit but required to
use of inductors. [Wu, 1987].

propose a novel random generator circuit by using the
describing function framework. Besides, the resultant
circuit is simple and easy to construct. According
to experimental results, this circuit demonstrates the
desired behavior. Experimental signals and histograms
are shown to support our main contribution.
The rest of the paper is organized as follows. Section
2 introduces the basics of describing function theory to
predict an oscillation behavior in a nonlinear dynamical
system. Then, a simple analog electronic circuit to
produce a random signal is conceived and shown in
Section 3. Experimental results are also evidenced.
Finally, in Section 4, the final remarks are written.

1

On the other hand, the describing function theory to
predict oscillations in a dynamical system [Slotine et al.,
1991] can also offer an option to design random signal
generators. Hence, the main objective of this paper is to

2

Describing Function

As was previously mentioned, the describing function analysis is a well-known mathematical framework
to predict an oscillation behavior by a kind of nonlinear
system [Slotine et al., 1991]. Basically, if a nonlinear
system can be represented as in Figure 1, then an oscillating output will be observed if the following assumptions are confirmed [Slotine et al., 1991; Khalil and Grizzle, 2002; Garber and Rozenvasser, 1965; Zaitceva and
Chechurin, ]:
1. The nonlinear element is a single element.
2. The nonlinear element is a time-invariant one.
3. The linear system has a limited frequency bandwidth response.
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Figure 1. A nonlinear dynamical system also known as a system in
the Lurie format. r := r(t) = 0 represents a system in which its
dynamical behavior depends on itself..

In other words, an oscillating signal will be presented at
the system output in Figure 1 if the nonlinear element
presents saturation and the linear system is a kind of
low pass filter. [Slotine et al., 1991]. For instance,
operational amplifiers and transistors operated by a
DC power source present saturation and have limited
frequency bandwidth operation. Hence, these electronic
elements satisfy some of the previous cited assumptions.

3

Figure 2. A random signal generator circuit. The resistances are in
ohms and capacitors in microfarads. Hence, for instance, the resistance
of 330 means 330 ohms, and the capacitor 1 means 1 microfarad, and
so on.

A Random Signal Generator Circuit

Based on the describing-function presentation in Section 2, we propose the circuit diagram given in Figure 2.
Therefore, in this circuit, we have:
1. The given operational amplifier supplies the required negative feedback to the rest of the electronic
system. Additionally, this amplifier has a finite
frequency bandwidth response too.
2. The transistors have the needed saturation effect.
These also produce a mixing combination of the
feedback signal from the operational amplifier
and are manipulated by the capacitors to these
transistors.

Figure 3.

4
3. The potentiometer connected to the operational
amplifier is employed to tune the circuit. This potentiometer introduces a direct current component
to the output signal of the operational amplifier
to overcome the single polarity of the DC power
supply. As a consequence of this, the output
response of the circuit is linked to this parameter.
Additionally, Figure 3 shows a photo of the circuit realization for experiments.

A photo of the schematic circuit realization.

Experimental Results

This section displays the experimental results of our
electronic circuit realization on generating a random signal. The response signal at the output of the operational
amplifier element is then measured by using a computer
digital oscilloscope. Therefore, a signal sample set is
registered by varying the potentiometer in the circuit
shown in Figure 2. Hence, the voltage generated by this
potentiometer at its central pin, and here named as Vm ,
is read to label the potentiometer action to each output
outcome and presented in Figures 4 to 9. For each one
figure, there is the related signal and its histogram.
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Figure 4.

Figure 5.

Experimental results:

Experimental results:

Figure 6.

Experimental results:

Vm = 3.94 volts.

Figure 7.

Experimental results:

Vm = 5.26 volts.

Figure 8.

Experimental results:

Vm = 6.05 volts.

Vm = 0.93 volts.

Vm = 1.56 volts.
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Figure 9.

5

Experimental results:

Vm = 6.53 volts.

Conclusion

A simple and low-cost electronic circuit design to
produce a random signal was proposed. Additionally,
a potentiometer was included to tune this signal for
further reading. To note, by changing the capacitors data
linked to the related transistors, other kinds of random
signals are possible. This offers more further options
on the proposed circuit design. Finally, to highlight
that the histogram given, for instance, in Figure 6,
resembles the one reported in [Evangelista et al., 2017].
In other words, the generated random signal may be a
chaotic one, but we decided not to test it as a chaotic
signal. Finally, and related to cybernetic systems,
our approach uses feedback to an electronic circuit to
produce a self-sustained dynamic response. This may
be a cybernetic method.
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