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Abstract

In this paper, to demonstrate the chaotic behavior of a new 6D discrete system, the modern Matlab-Simulink software environ-
ment was used. We have obtained a discrete 6D chaotic system by the Euler method from a continuous 6D system of dynamic
equations. In the Matlab-Simulink environment, models for continuous and discrete 6D systems of equations were created,
and the results were identical. To demonstrate the synchronization of two unidirectional connected continuous and discrete
6D systems, Simulink models were proposed. A discrete 6D system was applied for the chaotic masking of a narrow-band
harmonic signal and image encryption.

For visualizing and practical realization of the new chaotic discrete system we used Arduino Uno board and six light-emitting
diodes (LEDs).

The programming code and connecting technique are also shown. The program code was debugged into the free Arduino

simulation environment such as Tinkercad. Compiling hex. file in the program software Arduino IDE allows us to simulate a

6D chaotic system using the Arduino Uno microcontroller in the Proteus 8 environment.
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Abstract

In this paper, to demonstrate the chaotic behavior of a new 6D discrete system, the
modern Matlab-Simulink software environment was used. We have obtained a discrete 6D
chaotic system by the Euler method from a continuous 6D system of dynamic equations.
In the Matlab-Simulink environment, models for continuous and discrete 6D systems of
equations were created, and the results were identical. To demonstrate the synchronization
of two unidirectional connected continuous and discrete 6D systems, Simulink models were
proposed. A discrete 6D system was applied for the chaotic masking of a narrow-band
harmonic signal and image encryption. For visualizing and practical realization of the new
chaotic discrete system we used Arduino Uno board and six light-emitting diodes (LEDs).
The programming code and connecting technique are also shown. The program code was
debugged into the free Arduino simulation environment such as Tinkercad. Compiling
hex. file in the program software Arduino IDE allows us to simulate a 6D chaotic system
using the Arduino Uno microcontroller in the Proteus 8 environment.

Keywords: Euler method, chaotic behavior, synchronization, secure communication, Tinker-
cad, Arduino UNO, Proteus simulation

1 Introduction

Dynamic chaos research continues to develop rapidly due to its wide application in various
fields of science and technology, such as telecommunication systems [1]-[2], cryptography [3]-
[4], neural network systems [5], and other applications. Recently, the design of new dynamic
chaos electronic generators has been significantly increased. Many circuit solutions are known
for the classical equations of dynamic chaos [6]-[8], and also for new equations of dynamic
chaos. Paper [9] announces a new easy to implement 3D chaotic system with five quadratic
nonlinearities and three positive parameters, which has a larger bandwidth compared to at
least 50 other systems that have been described in this paper.

Analytical solutions to the equations characterizing the system’s chaotic behavior are im-
possible. As a result, numerical simulation in the MATLAB, Python, or Simulink environments

1



is actively used. Deterministic nonlinear systems generate chaotic signals, but they are unpre-
dictable over long time intervals and are extremely sensitive to initial conditions. Because of
the random nature of the signals created by dynamic systems, these systems may be used to
build a pseudo-random number generator (PRNG).

Chaotic systems are classified into two types: discrete and continuous. The first type
is represented by maps, whereas the second by nonlinear differential equations. In [10]-[12],
new discrete-time chaotic systems based on the logistic map were proposed. Modified logistic
mappings have been used in secure communication systems and image encryption. The dis-
cretization of differential equations technique is used to implement continuous chaotic systems
in digital devices. Paper [13] examines several discretization techniques for well-known chaotic
systems such as the Lorenz system, the Duffing oscillator, and the Nose-Hoover system. The
results in [13] did not provide a definitive answer to the question of which discretization algo-
rithm is the best, but it was mentioned that the Euler and Heun methods should be used first
for discretization due to their simplicity and ease of synthesis when compared to the more ac-
curate RK4 algorithm. This strategy was effectively applied in article [14]. The Lorentz system
was solved by the Euler method, which was programmed into the PIC18F2520 microcontroller.
As noted in [14], instead of PIC18F2520, one can use other popular microcontrollers such as
Arduino.

Several papers [15]-[19] have recently been published on the employment of the Arduino mi-
crocontroller for the study of various chaotic systems. The experiment utilizing Arduino in [15]
demonstrated the applicability of using discrete chaotic oscillators in today’s digital technology
in the hands of almost anybody. In [16] was presented a communication system based on chaotic
logistic maps and an experimental realization using Arduino Uno microcontroller boards, which
perform the encryption and decryption algorithms in the transmitter and receiver, respectively.
The results of the experiment demonstrated the viability of employing Arduino microproces-
sors for the requested purpose. In [17], two-dimensional (2D) Lozi, Tinkerbell, and Barnsley
Fern discrete Chaotic Maps are implemented based on the microcontroller Arduino UNO. [18]
presents the implementation and experimental testing of a microcontroller-based system that
solves Lorenz equations in real time and generates chaotic waveforms. The Arduino Mega 2560
R3 microcontroller was used to implement the proposed design. Using digital-to-analog con-
verters, the microcontroller sends the chaotic signals to the circuit’s outputs [18]. As shown in
[19], the Arduino Mega 2560 R3 microcontroller-based system can demonstrate chaotic behav-
ior memristive circuits and reproduce the Matlab and Proteus simulations well. The Arduino
UNO board, three light-emitting diodes (LEDs), and three resistors for each coordinate were
used in the article [20] for practical realization and simple visualization of the chaotic Lorenz
system. In another work [21], for visualizing and practical realization of the new modified
nonlinear logistic map, the Arduino Uno board was used along with ten light-emitting diodes
(LEDs).

In this work, the discretization method is applied to the equations of six-dimensional (6D)
chaotic dynamics. These equations were obtained in a study of convection in a nonuniformly
rotating electrically conductive fluid in a constant vertical magnetic field [22]. In work [23],
a scheme for chaotic modulation secure communication based on the chaotic synchronization
of a new 6D chaotic system was suggested. As shown in [23], the proposed chaotic masking
and signal decoding scheme is implemented through the analog electronic circuit, which is
characterized by its high accuracy and good robustness.
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The purpose of this study is to construct computer models of a discrete 6D chaotic dynamical
system using the Matlab-Simulink environment and practical realization of the new discrete 6D
chaotic system with the help of the Arduino Uno board.

2 Discretization of continuous 6D chaotic system

Discretization issues for chaotic systems with continuous-time are important for the implemen-
tation of TRNGs in microcontrollers and FPGAs. Many continuous-time systems that are
typically constructed and synthesized using analog components must be approximated by digi-
tal equivalents due to rapid technological improvements. Secure communication systems based
on chaos are among the most promising possibilities for converting from analog to digital imple-
mentations. To attain this purpose, discretization is necessary, which is accomplished by em-
ploying mathematical techniques to approximate the dynamics of continuous-time systems with
simpler difference equations. For our investigation, we will use the continuous six-dimensional
(6D) chaotic system from the paper [22]:

ẋ = −x+ ry − au− bv
ẏ = c(−y + x− xz)

ż = c(−gz + xy)

u̇ = −u+ cx

v̇ = −v + hx+ kw

ẇ = −w − cv − lu

(1)

where the dot on the symbol indicates the differentiation with respect to time, r = 290, a =
2, b = 0.1, c = 0.1, g = 2.67, h = 8.21, k = 2, l = 24.65 are real constants. The initial conditions
are given as x(0) = y(0) = z(0) = u(0) = v(0) = w(0) = 1. As can be seen, the nonlinear
system of Eq. (1) has the dimension of a 6D phase space and as a result, has a huge variety
of multiple behavior modes. Based on the area of different parameter changes, the system
(1) is more than likely to realize all possible chaotic transitions. In [22] completed a dynamic
analysis of Eq. (1), demonstrating the existence of periodic, quasi-periodic, and chaotic regimes
depending on the parameter r values.

The approximation degree of the exact system solutions differs amongst numerical simula-
tion methods for differential equations. The Euler and Runge-Kutta techniques are the most
popular. The exact solutions of chaotic systems models cannot be obtained using analytical
methods due to the sensitivity to arbitrarily slight changes in the initial conditions, so we will
use numerical methods. Numerical approaches consist of presenting a set of differential equa-
tions as a recurrent dependency and calculating sequence points on the trajectory in discrete
moments with timestep Ts [13]:

Ṡ ∼=
S[n+ 1]− S[n]

Ts
(2)

Euler’s technique has the most computer complexity, as the ratio between neighboring points
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Figure 1: Models in Simulink for a 6D continuous (a) and discrete (b) chaotic system.

of the system trajectories (1) according to (2) is represented by the following equations:

x[n+ 1] = (1− Ts)x[n] + rTsy[n]− aTsv[n]− bTsu[n]

y[n+ 1] = (1− cTs)y[n] + cTsx[n]− cTsx[n]z[n]

z[n+ 1] = (1− gcTs)z[n] + cTsx[n]y[n]

u[n+ 1] = (1− Ts)u[n] + cTsx[n]

v[n+ 1] = (1− Ts)v[n] + hTsw[n] + kTsx[n]

w[n+ 1] = (1− Ts)w[n]− cTsv[n] + lTsu[n]

(3)

Figs. 1a and 1b show Simulink block diagrams for the cases of the continuous system (1)
and discrete system (3). Ts was assigned to a constant value (Ts = 0.001), and the starting
conditions for the six variables were set internally, within the integrators x(0) = y(0) = z(0) =
u(0) = v(0) = w(0) = 1, respectively. Fig. 2 shows subsystems for Simulink models of
continuous and discrete 6D chaotic systems. The results of a 300-second simulation of two
systems (1) and (3) at Ts = 0.001s are displayed in Fig. 3. According to Fig. 3, the discretized
system (3) retains the chaotic behavior of the original continuous system (1).

3 Synchronization of two coupled 6D chaotic systems

The main issue in telecommunication systems for secure information transfer is the synchro-
nization of chaotic generators on the transmitting and receiving devices. Synchronization, from
a physical point of view, means that the trajectories of one system, for example, transmitting
D(x, y, z, u, v, w), converge to another receiving system R(xr, yr, zr, ur, vr, wr) in time t→∞:

lim
t→∞

R = D.

Consider a pair of 6D chaotic continuous systems consisting of the drive (or master) and
response (or slave) systems. The master system corresponds to the system (1) and is comparable
to the Simulink model (Fig. 1a). The slave system varies from the master system because it
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Figure 2: Subsystems for continuous (top) and discrete (bottom) Simulink models.

Figure 3: On left – strange attractor of continuous system (1); on right – strange attractors of
discrete system (3).
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has an input signal for synchronization. The following system of differential equations can
represent a pair of single-direction connected system

ẋ1 = −x1 + r1y1 − a1u1 − b1v1
ẏ1 = c1(−y1 + x1 − x1z1)

ż1 = c1(−g1z1 + x1y1)

u̇1 = −u1 + c1x1

v̇1 = −v1 + h1x1 + k1w1

ẇ1 = −w1 − c1v1 − l1u1
ẋ2 = −x2 + r1y1 − a2u2 − b2v2

ẏ2 = c2(−y1 + x2 − x2z2)
ż2 = c2(−g2z2 + x2y1)

u̇2 = −u2 + c2x2

v̇2 = −v2 + h2x2 + k2w2

ẇ2 = −w2 − c2v2 − l2u2

(4)

where x1, y1, z1, u1, v1, w1 and x2, y2, z2, u2, v2, w2 are coordinates of the master and slave sys-
tems, respectively. a1, b1, c1, r1, g1, h1, k1, l1 and a2, b2, c2, r2, g2, h2, k2, l2 are parameters of the
master and slave systems, respectively. As can be seen from the system (4), the synchronization
mode is carried out under the condition: y1 = y2.

The model of a pair of single-directionally coupled 6D chaotic continuous systems built
in the Simulink system is shown in Fig. 4 (system parameters are identical). The transient
synchronization process in the example of coordinates x1(t) and x2(t) is shown in Fig. 5a. Fig.
5b shows the convergence of the synchronization error ζ1 = x2(t)− x1(t) to zero exponentially
with time.

Similarly, consider a pair of 6D chaotic discrete systems consisting of a drive (or master)
and a response (or slave) system. The master system relates to the system (3) and is equivalent
to the Simulink model (Fig. 1b). The slave system differs from the master system in that
it has an input signal for synchronization. The differential equation system shown below can
represent a pair of single-direction coupled systems:
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Figure 4: Simulink model of a pair of single-directionally connected 6D continuous systems.

Figure 5: The synchronization process of coupled 6D continuous systems: a) timing diagrams
of output signals x1 and x2 of coupled systems; b) time-history of the synchronization error.
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Figure 6: Simulink model of a pair of single-directionally connected 6D discrete systems.

x1[n+ 1] = (1− Ts)x1[n] + r1Tsy1[n]− a1Tsv1[n]− b1Tsu1[n]

y1[n+ 1] = (1− c1Ts)y1[n] + c1Tsx1[n]− c1Tsx1[n]z1[n]

z1[n+ 1] = (1− g1c1Ts)z1[n] + c1Tsx1[n]y1[n]

u1[n+ 1] = (1− Ts)u1[n] + c1Tsx1[n]

v1[n+ 1] = (1− Ts)v1[n] + h1Tsw1[n] + k1Tsx1[n]

w1[n+ 1] = (1− Ts)w1[n]− c1Tsv1[n] + l1Tsu1[n]

x2[n+ 1] = (1− Ts)x2[n] + r2Tsy1[n]− a2Tsv2[n]− b2Tsu2[n]

y2[n+ 1] = (1− c2Ts)y1[n] + c2Tsx2[n]− c2Tsx2[n]z2[n]

z2[n+ 1] = (1− g2c2Ts)z2[n] + c2Tsx2[n]y1[n]

u2[n+ 1] = (1− Ts)u2[n] + c2Tsx2[n]

v2[n+ 1] = (1− Ts)v2[n] + h2Tsw2[n] + k2Tsx2[n]

w2[n+ 1] = (1− Ts)w2[n]− c2Tsv2[n] + l1Tsu2[n]

(5)

We are also observed from the system (5) that the synchronization mode is carried out under
the condition: y1 = y2

Fig. 6 depicts the Simulink model of a pair of single-directionally connected 6D chaotic
discrete systems when the system parameters are identical. Figure 7a depicts the transient
synchronization process using the coordinates x1(t) and x2(t). Figure 7b depicts the exponential
convergence of the synchronization error ζ1 = x2(t)− x1(t) to zero.

Thus, synchronization of continuous and discrete 6D chaotic systems is successfully im-
plemented even under different initial conditions between the master (x1(0) = 1) and slave
(x2(0) = 30) systems. As can be seen from the simulation results, the synchronization pro-
cesses for discrete and continuous systems are identical.
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Figure 7: The synchronization process of coupled 6D discrete systems: a) timing diagrams of
output signals x1 and x2 of coupled systems; b) time-history of the synchronization error.

4 Chaotic masking of narrowband signals by a 6D dis-

crete system

The method of transmitting information based on chaotic masking is the following steps:

1. the information signal s(t) is mixed with the chaotic signal x1(t) of the generator of the
drive (or master) system and transmitted over the communication channel;

2. after setting the synchronization mode, the output signal x2(t) of the slave system of the
receiver and the chaotic component x1(t) of the transmitted signal are identical;

3. demodulation is carried out by subtracting the chaotic signal x2(t) of the slave system
generator from the received signal.

The model of a transmission system with chaotic masking developed in the Simulink environ-
ment is shown in Fig. 8. It is a modification of the synchronization system shown in Fig. 6
with an additional Sine Wave block, which is the source of the harmonic information signal
s(t), and signal addition/subtraction blocks. The y(t) coordinate is used to synchronize the
systems (Subsystem-Subsystem1) and (Subsystem2-Subsystem3) depicted in Figure 8. The
synchronized systems’ parameters are assumed as identical.

It should be noted that the masking chaotic signal should exceed the information signal in
terms of spectral power and working frequency band width [3]. Thus, chaotic masking may be
considered as an additional level of security in information transmission in telecommunication
networks. A harmonic signal can be calculated analytically as follows:

s(t) = S0 sin(ω0t+ ϕ0), (6)

9



Figure 8: Information transfer model using chaotic masking in Simulink.

a)

b)

c)

Figure 9: In the temporal domain, chaotic masking of a harmonic signal: a) signal at the
input of Subsystem-Subsystem1 (transmitter);b) the chaotic signal is depicted in black, while
the mixed signal is depicted in red; c) signal after demodulation of the received signal by
Subsystem2-Subsystem3.
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Figure 10: The encryption algorithm.

where S0, ω0, ϕ0 amplitude, angular frequency, and initial phase of the signal. Fig. 9 depicts
the results of a chaotic masking simulation on the example of a harmonic signal. Results
Fig. 9 depicts the possibilities of developing effective encryption algorithms and systems for
secure real-time information transmission based on chaotic synchronization using a discrete 6D
systems.

5 Image encryption by a 6D discrete system

We will use a well-known chaos-based picture encryption algorithm in this section [24],[25]. We
are encrypting the picture with x direction output as an example, consider a grayscale 227×303
pixels kitten image. A digital image can be transformed into a two-dimensional matrix, with
each element representing a gray pixel value in the image. The matrix is converted into a one-
dimensional array once it has been processed. Then the chaotic sequence of the discrete 6D
system in the x direction is mixed with the array obtained after converting the two-dimensional
matrix into a one-dimensional sequence. As a result, the image is encrypted. The process of
encrypting a image is depicted in Fig. 10.

We may encrypt the image using the image encryption procedure. Figure 11 depicts the
program’s results after encrypting and decrypting a raster image in .jpeg format with a size of
227 × 303 pixels. We can see immediately from the image encryption that we were unable to
obtain any information from the original image, therefore we can conclude that the 6D discrete
system encryption algorithm can achieve the effect of image encryption. We also use the
MATLAB code for the image decryption methods below. The inverse operation of encryption
is decryption. The results are depicted in Fig. 11c.

We can observe from the decrypted images that the decrypted image and the original image
are almost identical, indicating good encryption effects.

11



Figure 11: The results of the encryption program: a) original .jpeg image; b) .jpeg image after
encryption; c) .jpeg image after decryption.

6 Approbation of the program code for Arduino Uno in

the free Tinkercad environment

The Tinkercad system from Autodesk is one of the most popular online services for emulating
Arduino’s work. Tinkercad is an Arduino emulator that simulates the functioning of electrical
circuits and controllers while also implementing almost all of the basic functions of the Arduino
IDE, from the editing environment and compiler to the port monitor and connecting libraries.
Using the Tinkercad Circuits Arduino, you can draw electronic circuits from a fairly extensive
library of virtual instruments and devices. In real-time, you can observe the behavior of the
circuit, and check and debug its performance. If you add an Arduino virtual board to such a
simulator, you can simulate the behavior of the circuit in your own Arduino projects. In the
Tinkercad environment, it is possible to load known sketches, as well as debug sketches for the
model being created. As a result of the simulation, the circuit with connected elements works
the same way as with the included real board. So, we don’t need to buy any components or
even the Arduino IDE software, and we don’t have to worry about the Arduino Uno board
being broken down.

To demonstrate a 6D chaos generator, we need to go to www.tinkercad.com and build our
circuit [26]. A simple way to visualize the chaotic behavior of a 6D dynamic system is to build
an electrical circuit with six blinking LEDs based on Arduino UNO. Fig. 12 shows an Arduino
wiring scheme with LEDs on a breadboard for simulating a 6D chaos generator. The circuit
consists of the following components: Arduino Uno board, six LEDs of different colors, and six
resistors with a nominal value of 220Ω. We connected an ensemble of six light-emitting diodes
to the microcontroller’s digital pins (D6-D11) using six 220Ω resistors. To begin performing the
simulation, we must program the Arduino UNO board within Tinkercad environment. Using
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Figure 12: This diagram help us in seeing the connections between the various components.
Tinkercad model: 6D chaos.

a language similar to C++, we wrote and debugged the program code, the form the form of
which is shown in the Appendix.

As a result of simulating this code, we see pins D6-D11 of the Arduino UNO are utilized
as digital outputs to switch on or off the corresponding connected LED. The programmed
activation and des-activation times were 10ms. Fig. 12 displays the experiment results using
oscilloscopes in Tinkercad environment. On the left side of Fig. 12, the oscilloscope gives the
signal output from pin 6 of the Arduino UNO, and on the right side of Fig. 12 output from pin
11.

Thus, the Arduino UNO can be used as a device for generating digital chaotic sequences.

7 Proteus simulations of a chaotic circuit based on a

microcontroller Arduino

In this section, the implementation of the 6D chaos generator project (see Fig. 13) in Proteus
8 environment is shown. The circuit is made of an Arduino UNO R3 microcontroller, six
LEDs of different colors, and six resistors with a nominal value of 220Ω. In the program code,
state variables of the 6D dynamic system x, y, z, u, v, and w are solved numerically using Euler
method. We compile the program code presented above in the software Arduino IDE and
create a hex.file. This file is to program the Arduino Uno R3 microcontroller in the Proteus 8
environment. The results of the programmed microcontroller are shown in Fig. 14.

8 Experimental realization of discrete 6D chaotic system

For the practical implementation of the 6D discrete system (3), the Arduino UNO was used.
The Arduino UNO controller is based on the ATmega328. The platform has a 16 MHz crystal
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Figure 13: Circuit schematic of the microcontroller-based circuit of 6D chaotic generator de-
picted in Proteus.

Figure 14: Oscillograms of output signals received from the microcontroller Arduino UNO in
Proteus.
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Figure 15: Structure of connections for experimental demonstration of chaotic behavior.

oscillator, 14 digital inputs/outputs (6 of which can be used as PWM outputs), 6 analog inputs,
an ICSP connector, a USB connector, a power connector, and a reset button [27]. The Arduino
UNO board may be powered in three ways: via the external power connector, via USB, and by
the Vin connector, which is connected to one of the combs on the side. The platform has an
onboard stabilizer, which allows us to automatically pick the power source while also stabilizing
the current to a stable 5 Volts, which is necessary for the controller to operate. External power
can be supplied either directly from the computer’s USB port or through the power or USB
connection from any DC power source.

A connection diagram for an experimental example of chaotic behavior that implements a
chaotic 6D discrete system is shown in Fig. 15. Using six 220 ohm resistors, we connected

a matrix of six LEDs (L1-L6) to the microcontroller’s digital pins (D6-D11) (R1-R6). Fig.
16 depicts an experimental implementation of a 6D discrete system demonstrating chaotic
behavior. On the left in Fig. 16, is the breadboard, Arduino UNO, six colored LEDs, and
resistors. On the right in Fig. 16, shows the operation of the Arduino UNO board after
flashing with the code given in the Appendix. Fig. 16 shows that the brightness of the LEDs
depends on the value of the output voltage in each channel.

9 Conclusions

In this work, a computer simulation of a new discrete 6D chaotic system from the article was
carried out. In this regard, the following conclusions can be drawn:

1. A Simulink model of a discrete 6D system was developed to describe the chaotic behavior.

2. A model has been developed in the Simulink environment to study the synchronization
of unidirectionally connected 6D discrete systems.

3. A Simulink model of chaotic masking of a harmonic signal was built based on the principle
of synchronization of 6D discrete systems.
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Figure 16: Photo of the experiment’s realization using an Arduino UNO board.

4. An image encryption algorithm is realized on the basis of a discrete 6D system.

5. An experiment employing Arduino demonstrated the effectiveness of using discrete chaotic
generators in today’s digital technologies.

Thus, the simulation results confirm that the proposed Simulink model of the new discrete
chaos generator can implement the encryption and decryption of signals and images.
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10 Appendix

//6D chaotic generator

const int LEDx=6;

const int LEDy=7;

const int LEDz=8;

const int LEDu=9;

const int LEDv=10;

const int LEDw=11;
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//dynamic variables

float x=1;

float y=1;

float z=1;

float u=1;

float v=1;

float w=1;

float newx;

float newy;

float newz;

float newu;

float newv;

float neww;

//system parameters

const float r=290;

const float a=2;

const float b=0.1;

const float c=0.1;

const float g=2.67;

const float h=8.21;

const float k=2;

const float l=24.65;

float brightness_x;

float brightness_y;

float brightness_z;

float brightness_u;

float brightness_v;

float brightness_w;

const float dt=0.01;

float maxX=x+1;

float minX=x-1;

float maxY=y+1;

float minY=y-1;

float maxZ=z+1;

float minZ=z-1;

float maxU=u+1;

float minU=u-1;

float maxV=v+1;

float minV=v-1;

float maxW=w+1;

float minW=w-1;

void setup() {

pinMode(LEDx,OUTPUT);

pinMode(LEDy,OUTPUT);

pinMode(LEDz,OUTPUT);
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pinMode(LEDu,OUTPUT);

pinMode(LEDv,OUTPUT);

pinMode(LEDw,OUTPUT);

// put your setup code here, to run once:

}

void loop() {

maxX=max(maxX,x);

minX=min(minX,x);

maxY=max(maxY,y);

minY=min(minY,y);

maxZ=max(maxZ,z);

minZ=min(minZ,z);

maxU=max(maxU,u);

minU=min(minU,u);

maxV=max(maxV,v);

minV=min(minV,v);

maxW=max(maxW,w);

minW=min(minW,w);

// Euler

newx=x+(-x+r*y-a*u-b*v)*dt;

newy=y+(c*(-y+x-x*z))*dt;

newz=z+(c*(-g*z+x*y))*dt;

newu=u+(-u+c*x)*dt;

newv=v+(-v+h*x+k*w)*dt;

neww=w+(-w-l*u-c*v)*dt;

x=newx;

y=newy;

z=newz;

u=newu;

v=newv;

w=neww;

//setting the intensity of LEDs

brightness_x=255*(x-minX)/(maxX-minX);

brightness_y=255*(y-minY)/(maxY-minY);

brightness_z=255*(z-minZ)/(maxZ-minZ);

brightness_u=255*(u-minU)/(maxU-minU);

brightness_v=255*(v-minV)/(maxV-minV);

brightness_w=255*(w-minW)/(maxW-minW);

analogWrite(LEDx,brightness_x);

analogWrite(LEDy,brightness_y);

analogWrite(LEDz,brightness_z);

analogWrite(LEDu,brightness_u);

analogWrite(LEDv,brightness_v);

analogWrite(LEDw,brightness_w);
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delay(10);

}
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