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A simple filter Lorenz electronic circuit
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In this work, an electronic circuit of the Lorenz system is developed. The electronic circuit proposed is one of the easiest to implement. We
changed the:-state equation of Lorenz's system with a low-pass filter to an RC circuit with the same cutoff frequency. Corron’s electronic
circuit is used as the basis for electronic design. Simulation results support this proposal.
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1. Introduction and slave systems, where the slave system can be regarded
as a filter [15]. Over the past decade, fractional order filters
Filters have played a very important role in the design of elechave been implemented. For example, in Ref. [16] a second
tronic circuits. For example, filters have been used in congeneration voltage conveyor is used, and in Ref. [17] a filter
nection with creating synthesizer modules used in the marof order greater than 1 and less than 2 is implemented using
ufacture of musical instruments, signal processors, automax field programmable analog array device, and in Ref. [18]
tion systems, and more [1]. Itis very important that studentsigh-order filters with controllable frequencies are imple-
and researchers have a deep knowledge of the field, both thevented using operational transconductance amplifiers. There
oretically and experimentally. At a theoretical level, filters are many types of filters, but the simplest are lowpass, high-
are designed according to: the concept of a two-port netpass, bandpass, and stopband filters. These electronically im-
work [2], modifying the subspace [3], Caprio technique [4], plemented filters can be passive using only resisf@nd
or implementation via structures such as Sallen-Key filtergapacitors”, or they can be active filters that incorporate op
[5], Chebyshev topologies [6], or Butterworth [7]. At the amps in addition taRC circuits. Active filters allow you to
experimental level, there are implementations at the NMOSnanipulate the amplitude of the filtered signal.
transistor level [8] or using FPAA devices [9]. When study-
ing physics, the topic of filtering is often covered, with op-  The work presented in Ref. [15] deals with synchroniza-
tical or electronic filtering being the most common. This tion phenomena and shows that the slave system behaves like
topic is important to understand because you need to filtea filter. In this work, the Lorenz system is presented as a
data collection to perform analysis. A very important ap-filter. For this purpose, the Lorenz system is divided into
plication of filters is in communication systems, where thetwo subsystems of his, with the equations corresponding to
receiving system is tuned to a specific frequency using a filz state being one filter and the equations corresponding to
ter, thereby effectively capturing the energy radiated by theand » states being the second filter. These two subsystems
transmitting circuit at that specific frequency [9]. The con-are cascaded. Therefore, the Lorenz slave system behaves
cept of synchronization is very important in this way of com-like a filter. A demonstration of this is given in Ref. [15].
munications with nonlinear systems [10]. The sending sysOther research on Lorenz systems have been conducted: [19]
tem is called the master and the receiving system is calledses Presnov decomposition to address the synchronization
the slave. Although implementing the sender side of commuproblem of fractional order Lorenz families, [20] uses CMOS
nication system is relatively simple, developing the receivetechnology to synthesize a mathematical Lorenz model, and
side has proven difficult. Often, the lack of known fixed basis[21] analyzes the system through rotation. In this investiga-
functions makes it difficult to develop suitable filters. There-tion, we use the work [15] to replace the Lorenz electronic
fore, receivers depend upon greater complicated strategies tircuit according to the equation af state. In Ref. [22],
atone for the presence of noise. a low-pass filter similar to the state equation is also used
Synchronization of systems has been performed usingp reconstruct the information signal in the slave system. If
different approaches.g forced synchronization, in-phase the cutoff frequency is not sufficient, synchronization be-
synchronization, etc. [11]. Numerical implementations bytween master and slave will not be achieved. This means
computer or through electronic circuit implementation arethat the received signal cannot be reconstructed correctly. In
used to verify the results. Electronic circuits used for syn-Refs. [23,24] it is also shown that the use of filters is impor-
chronization include Lorenz, Chua, Chen, and so on [12-14]tant for constructing communication based chaotic systems.
These circuits in communication systems are used as mastdithe cutoff frequency is good, you will get correct decoding.
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The aforementioned work is based on the Lorenz system. Magn itude
In this research, the modifications made to the electronic cir- 1 N T i ‘
cuit are based on replacing the equationzo$tate with a
passive low-pass filter RC. To achieve this, we use a Lorenz
system in the filtering approach proposed in Ref. [15] and 0-8[ A
decompose it into two cascaded subsystems. The first sub- __— 1
system corresponds to the equation of siatend the second 0.6 )
subsystem corresponds to the remaining equatjoasd . ' ‘
The equation for subsystem 1 (stajeexpresses duality with F X 1
the equation for the first-order passive low pass filter RC, so 4. '
we replace state in the electronic circuit with a passive filter
RC and check whether the new electronic circuit can gener- r 5 1
ate chaotic oscillations. There are various works in which "
Lorenz’s electronic circuits are modified, such as [23,24] re-
placing the resistor connectingstate and; state. Other sug-
gestions for electronic circuits come from [14,25]. This paper
modifies one of the simplest proposals ever made, made by
Dr. Ned Corron in 2010 [26].

This work uses National Instruments Multisim to run the
Lorenz system and supports the proposal realized in order
to relate the first equation of the Lorenz system to a passive
RC lowpass filter. The research will be treated as follows: i— L( — ) )
In Sec. 2, ther state equation is related to the passi€ ~ rcY '

circuit and the relationship of the cutoff frequency parameter . ) _ ) .
o is related to the occurrence of this state. A Bode plot is Comparing ther state equation ofl) with (2), (2) is the

generated. Section 3 gives the electronic implementation dftu@! of ) and1/RC plays the role ob, so that the cutoff

the circuit. The circuit proposed by Corron is modified. Sec-Teduency iso. = 1/RC = o. The Bode'sz plot in Eq. 1)

tion 4 shows the effect of different cutoff frequencies on thel;grsgo;elo is shown in Fig. 2, checking the lowpass filter

Lorenz system. Finally, in Sec. 5 presents conclusions. . . i
Electronically implemented Lorenz systems typically use
integrator circuit withz state equation [14,25]. As we have

0 5 10 15
flHz]

FIGURE 2. The Bode plot foir = 10.

2. Lorenz'sz state as RC filter already seen2] is the dual of[l) corresponding te: state.
_ The next question then arises: can one still obtain chaotic os-
Consider the Lorenz system represented by cillations in a Lorenz circuit by electronically replacing the

) x-state integrator with an passiv&' lowpass filter?
€ = ()’(y - I),

Yy=rx—xz—1,

Z=axy — bz. ()

3. Modifying Corron’s electronic circuit

To investigate the possibility of replacing the electronic op-
The following parameters make the system chaetie: ~ amp integrator with an passiveC' low-pass filter, we im-
10, b = 8/3, andr = 30. According to [15], the Lorenz plemented the electronic circuit proposed by Corron [26]. It
system works as a filter. This is because thetate equation consists of two active filters, an adder, and an integrator with
is the dual of theRC equation passive low pass filter. A dia- an op-amp and two ad633 multipliers. The Corron’s elec-
gram of anRC low-pass filter is shown in Fig. 1. This gives tronic schematic is shown in Fig. 3.

the output voltage as a function of the input voltage. To implement the electronics, Corron had to adjust the
system parameters to stay within the0V supply range.
R To do this, we changed the variables in the state equation

of system|l) as follows: = = X/\/ar, y = Y/\/ar, and
Y _Mix z = Z/ar. If a = 1/3, then the power limit requirement is
| C satisfied and the system of equations becomes.

X =o(Y — X),

J— Y=rX—-arXZ-Y,

FIGURE 1. PassiveR(C filter. Z=XY —-bZ 3)
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FIGURE 3. Corron’s electronic schematic.
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FIGURE 4. Corron’s electronic circuit Multisim response.agnd

y states versus time, b) — y phase portrait.

After changing the variables, Corron implements the sys-
tem [3) shown in Fig. 3. A Multisim simulation of the elec-
tronic circuit Fig. 3 in ther andy states, and the — y phase
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FIGURE 5. Corron’s electronic configurations: a) integrator plus
adder, b) filter plus multiplier, c) filter plus multiplier.

For the circuit shown in Fig. 5b), we havenultiplier
B = LL'(Z — 3)/10, filter Yy = —(1/R302)y — (1/R4CQ)B,
ie.
3 1 1
) = - — . 5
YT I0RC," T 10RC,TT T RaCy? ®)
For the circuit shown in Fig. 5c), we havenultiplier
D= —:cy/lO, filter 2 = —(1/R5C3)Z — (1/R603)D, thus
1 1
;= - . 6
T 10RCs Y T RsCs” ©
Using the resistance and capacitance electronic circuit

portrait over time is shown in Fig. 4. His Kirchhoff equations values in Fig. 3, the equations of states are:

for electronic circuits are decomposed hereafter, see [26].

o i - . ) t=10K(y —
The circuit equations in Fig. 3 are obtained by applying o 0K (y =),
the nodal equations for the configuration shown in Fig. 5. y=30Kx — 10Kzz — 1Ky,
These figures will help you better understand how to find the .
2 =1Kzy — 256K z. ©)

state equations, y, = for the Corron’s electronic circuit.

For the circuit shown in Fig. 5a), we havadder A =

x — y; integratorz = —1/(R,C4) A, thus

1
R, Cl

jj:

(z —y). (4)

Observing ther state in Eq.[T), we find that the cutoff
frequency corresponds to 1.59 KHz (10 Krad/s), and, the pro-
posed passivé&(C' lowpass filter is tuned wittlR = 10 KQ2
andC = 10 nF to get the cutoff frequency corresponding to
thez state.
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i L o
! i TABLE |. Parameters.
X 1k HEEH X +—‘ 10K —Hvl&
~._Z ‘T"\;Jx % Y| 2 X R(Q) C(F) frequency (Hz) Figure
= Tt L = C L s 1K 10n 15915.45 a), b)
; I 45K 10n 3536.76 c), d)
B 10K 10n 1591.54 e), f)
FIGURE 6. Lorenz’s electronic schematic proposal. 18.8K 10n 846.56 0), h)
30K 10n 520.51 0, )
100 K 10 159.15 k), |
o XIVI— yIVI " -
:  § 1M 10n 15.91 m), n)
|
2] \ 10 10M 10n 1.59 0), p)
“‘]“\“\ ' ‘"  ‘1 Wl i‘(i \
il LA \.\ | "\‘ W . .
0 find IR 1o 4. RC filter tuning
‘ ‘ [ To study the behavior of the Lorenz system, the resistdhce
| | of the filter takes on different values, and the capacitance is
-2 -10 kept constant. The operation is shown in the following im-
_3 ‘ ages. The images are arranged horizontally from the top of
0 4 8 19 16 20 the sheet 'to the bottom of the sheet in the following order
a) . from the highest cutoff frequency (15915.45 Hz) to the low-
Time [ms] est cutoff frequency (1.59 Hz). Table | shows the resistance
and capacitance values used and the cutoff frequency in Hz,
10 and the figure to which it belongs.

Taking as a reference point to Fig. 8e)-f), it corresponds
e to R = 10 k2 andC = 10 nF . The cutoff frequency is
(G~ 1.59 kHz, which corresponds to the circuit proposed by Cor-
0 | [ ron. At these values ok andC, chaotic oscillations occur.
Increasing the cutoff frequency is the opposite of decreasing
the resistance of the lowpass filter in tR&' network. At
the cutoff frequencyfc = 3.53 KHz in Fig. 8c)-d), the os-

-10
cillations are chaotic. Counting thestate crossings neér
- : . | V in the corresponding figure as an index of frequency, there
AL -10 0 10 20 are24 of these crossings for a 20 ms time interval, compared
b) X-y [V] to 22 for fc = 1.59 KHz. It can be regarded as a measure

of the oscillation velocity of the Lorentz circle between the
lobes (st and3rd quadrants). Also, afc = 15.91 KHz,
which is ten times higher than the Fig. 8e)-f), the oscilla-
tion is suppressed as shown in Fig. 8a)-b). From the above
Then to answer the question, is it possible to obtainobservations, there seems to be an upper limit to the cutoff
chaotic oscillations in the Lorenz system by electronicallyfrequency at which the circuit will still oscillate chaotically.

FIGURE 7. Lorenz electronic circuit Multisim response. @agand
y States versus time, b) — y phase portrait.

replacing the op-amp used in thestate with a passiv&C’ Now bring the fundamental cutoff frequengy back to
filter? the Lorenz electronic circuit shown in Fig. 6 is pro- 1 59 KHz, Fig. 8e)-f), and start lowering the cutoff frequency.
posed. For example,fc = 846.56 Hz, Fig. 8g)-h) sustains chaotic

The electronic proposal replaces two op-amps in subtracscillations. But by lowering to lower cutoff frequencies the
tive and integral configurations (Fig. 3) with an passk€ filter; for example, at cutoff frequencie& = 520.51 Hz
low-pass filter circuit (Fig. 6). To corroborate this change inFig. 9i)-j), at fc = 159.15 Fig. 9K)-I), at fc = 15.91 Hz
the circuit, we simulate the circuit in Multisim to obtain the Fig. 9m)-n) and forfc = 1.59 Hz Fig. 90)-p), the oscilla-
response to the andy states over time, these are shown intions in the Lorenz circuit are extinguished. We can also infer
Fig. 7a). And Fig. 7b) also shows the- y phase portrait. that in these cases there is a lower cutoff frequency limit that

As shown in Fig. 6, the proposed electronic circuit of theallows the circuit to oscillate chaotically, as can be seen from
Lorenz system can generate chaotic oscillations by replacinthe pictures.
thez state with an equivalent passiy#' low-pass filter.
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FIGURE 8. Lorenz electronic circuit Multisim response. aptate versus time, k) — y phase portrait.

5. Conclusions

circuit in Fig. 6 can generate the chaotic oscillations shown
in Fig. 7. This shows that this proposal is one of the sim-

In this investigation, we use the equationudtate of Lorentz  plest ways to emulate a Lorenz system using two multipli-
system. It turns out that the equation for the pas&i¢élow- ers, two amplifiers, resistors, and capacitors. By adjusting
pass filter is the dual of the state equation. where the pa- the resistance of th&C filter according to Table |, we find
rameters corresponds to the cutoff frequeney= 1/RC. that there is a frequency interval in which the chaotic oscil-
The Bode plot corroborates this duality of both equations adations are maintained, after which the chaotic oscillations
is shown in Fig. 2. The Corron electronic circuit is one of cancel. Science students learn that different cutoff frequen-
the easiest circuits to emulate the Lorenz system, so it is usetles give different behaviors in the modified Lorenz circuit. If
as the basis for modification. Based on Corron’s scheme, thgou want to vary the value of the resistor continuously, re-
subtractor-configured and integrator-configured opamps usegglace it with a trimpot and the oscilloscope display will show

to constructr state are replaced by a passi€’ low-pass

the appearance of chaos and its cancellation at various cutoff

filter circuit tuned to the cutoff frequeney. The proposed frequencies.

Rev. Mex. Fis. E21010215
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FIGURE 9. Lorenz electronic circuit Multisim response. ajtate versus time, k) — y phase portrait.

1. U. Kiencke, and N. Lars, Automotive control systems: for en-

gine, driveline, and vehicle Measurement Science and Tech-

nology 11 (2000) 1828.
2. B. J. Maundy, A. Elwakil, A. Al-Ali, and L. Belostotski, Au-

fully-balanced current-tunable first-order low-pass filter with
Caprio technique,EUREKA: Physics and Engineering,
(2022) 99.

5. B.C.Bao, P. Wu, H. Bao, M. Chen, and Q. Xu, Chaotic bursting

gust, Synthesis and analysis of fully differential filters using

in memristive diode bridge-coupled Sallen-Key lowpass filter,

two port networkslEEE 60th International Midwest Sympo-
sium on Circuits and Systems (MWSCAZ)17) pp. 1105-
1108. 6.

3. K. Li, Z. Guo, Y. Bai, D. Tang, M. Huang, and H. Luo, Real-
time notch filtering based on the modified subspace-based high-
resolution frequency estimatdfransactions of the Institute of 7.
Measurement and Contrg|2023) 01423312231179260.

4. S. Lertkonsarn, and W. Sa-ngiamvibool, The development a

Electronics Letters53(2017) 1104.

Rev. Mex. Fis. E21 010215

D. Zivaljevic, N. Stamenkovic, and N. Stojanovic, Optimum
Chebyshev filter with an equalised group delay respdnses;-
national Journal of Electronicg2022) 1.

C. Psychalinos, G. Tsirimokou, and A. S. Elwakil, Switched-
capacitor fractional-step Butterworth filter desig8ijrcuits,
Systems, and Signal ProcessiB§ (2016) 1377.



10.

11.

12.

13.

14.

16.

17.

. E.Campos Cain, J.S. Gonzlez Salas, and J. s, Filter-

A SIMPLE FILTER LORENZ ELECTRONIC CIRCUIT 7

. E. Yuce, and S. Minaei, Derivation of low-power first-order

low-pass, high-pass and all-pass filteksalog Integrated Cir-
cuits and Signal Processing0 (2012) 151-156.

A. Silva-Juarez, E. Tlelo-Cuautle, L. G. De La Fraga, and R. Li,
FPAA-based implementation of fractional-order chaotic oscil-
lators using first-order active filter block¥urnal of advanced
research 25 (2020) 77-85.

L. M. Pecora, and T. L.Carroll, Synchronization in chaotic sys-
tems,Phys. Rev. Lett64 (1990) 821-824.

A. S. Pikovsky, M. G. Rosenblum, and J. Kurths, Synchroniza-
tion: A Universal Concept in Nonlinear Science (Cambridge 5
University Press, Cambridge, UK, 2001).

L. Fortuna, M. Frasca, M. G. XibiliaWorld Scientific Series
on Nonlinear ScienceSeries A65 (2009) ISBN 978-981-283-
924-4,

Ou Qingli and Xu. Lanxia, The circuit design and simulation

of Chen chaotic system with fractional ord®roceedings of 99
2011 International Conference on Computer Science and Net-
work Technology (2011)https://doi.org/10.1109/
iccsnt.2011.618220

K. M. Cuomo, A. V. Oppenheim, and S. H. Strogatz, Synchro- 23.

nization of Lorenz-based chaotic circuits with applications to
communications EEE Transactions on circuits and systems Il:
Analog and digital signal processing0 (1993) 626.

ing by nonlinear systemSHAOS 38 (2008) 04311€&nttps:
//doi.org/10.1063/1.3025285

P. Bertsias, C. Psychalinos, S. Minaei, A. Yesil, and A. S. El-

wakil, Fractional-order inverse filters revisited: Equivalence 25.

with fractional-order controllerdvlicroelectronics Journall31
(2023) 105646https://doi.org/10.1016/).mejo.

2022.105646

J. Nako, C. Psychalinos, and A. S. Elwakil, A 1af Or-
der Generalized Butterworth Filter Structure and lts Field

18.

19.

21.

24.

26.

Programmable Analog Array Implementatidelectronics 12
(2023) 1225.

J. Nako, C. Psychalinos, A. S. Elwakil, and D. Jurisic, De-
sign of Higher-Order Fractional Filters With Fully Control-
lable Frequency CharacteristitREE Access(2023)https:
/ldoi.org/10.1109/ACCESS.2023.3271863

O. Martinez-Fuentes, A. J. Miwz-Vazquez, G. Feandez-
Anaya, and E. Tlelo-Cuautle, Synchronization of fractional-
order chaotic networks in Presnov form via homogeneous con-
trollers, Integration 90 (2023) 71.

. V. Hugo Carbajal-Gomezet al,, Optimization and CMOS

design of chaotic oscillators robust to PVT variations,
INTEGRATION-THE VLSI JOURNARB5 (2019) 32.

W. S. Sayedet al., Two-dimensional rotation of chaotic attrac-
tors: Demonstrative examples and FPGA realizat@inguits,
Systems, and Signal ProcessB®)(2019) 4890.

. H. U. Voss, Real-time anticipation of chaotic states of an elec-

tronic circuit. International Journal of Bifurcation and Chaps
07(2002) 1619.

W. A. Al-Hussaibi, Filtering effects on the synchronization and
error performance of promising wireless chaos-based secure
communications,Wireless Networks21 (2015) 1957-1967,
https://dol.org/10.1007/s11276-015-0897-0

W. Al-Hussaibi, J. Alsmael, and M. {rkmen, March, On the
chaos synchronization in CBSC systems over realistic wireless
channelsin 2019 16th International Multi-Conference on Sys-
tems, Signals and Devices (SSR)19) pp. 642-647.

J. N. Blakely, M. B. Eskridge, and N. J. Corron, April, High-
frequency chaotic Lorenz circuin IEEE SoutheastCon 2008
(2008) 69.

N. J. Corron, A simple circuit implementation of a chaotic
Lorenz system. Creative consulting for research and education
(2010).

Rev. Mex. Fis. E21010215


https://doi.org/10.1109/iccsnt.2011.618220�
https://doi.org/10.1109/iccsnt.2011.618220�
https://doi.org/10.1063/1.3025285�
https://doi.org/10.1063/1.3025285�
https://doi.org/10.1016/j.mejo.2022.105646�
https://doi.org/10.1016/j.mejo.2022.105646�
https://doi.org/10.1109/ACCESS.2023.3271863�
https://doi.org/10.1109/ACCESS.2023.3271863�
https://doi.org/10.1007/s11276-015-0897-0�

