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Abstract—Chaos is an active topic of study in the field of secure 

communication systems that have garnered much consideration 

in recent years because of excessive sensitivity to a simple change 

in its initial conditions. In this paper, the essential features of the 

suggested WINDMI chaotic system like the phase portraits of the 

attractors, bifurcation, PSD, correlation, and balance property of 

the windmi chaotic system have been depicted in detail through 

MATLAB tools simulations and circuital application. The 

bifurcation examination detects a wealthy and attractive 

characteristic of the proposed windmi chaotic oscillator such as 

periodical multiple bifurcations, has two stable states chaotic 

demeanor, periodical windows, and recapture bifurcations. In 

this paper, after exploring the dynamic features of the windmi 

chaos paradigm, a practical chaotic circuit is implemented on the 

fpaa chip. Eventually, the circuit practical results of the windmi 

chaotic attractors present similarities with numerical simulations. 

The importance of the work is reflected in the use of field 

programmable analog array in the implementation of the windmi 

oscillator, and the possibility of varying the initial condition 

during the operation of the system. An unlimited number of 

signals can be generated, which enables it to be used as an 

oscillator utilized in many transceiver systems, that utilized an 

unlimited number of signals. 
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I.  INTRODUCTION 

UE to the dramatic ingrowth in transmissions of 
multimedia information over risky channels (mostly the 

Internet), safety must turn to every requested region of 
research. To keep information from snoop and prohibited 
users, many researchers have buckled down to evolve new 
encryption algorithms [1]. By looking at its elevated 
pseudorandom, chaotic encryption is seen as one of the 
ultimately committed styles for physical-layer secure 
transportation. Chaos encryption has an elevation sensitivity to 
the initial value and therefore it has a great area for application 
[2]. The chaotic demeanor of effective systems can be applied 
in numerous realism implementations, for example, but not 
limited to oscillators [3], physics [4], random bit generators 
[5], Plasma systems [6], Tokamak chaotic systems [7], 
biomedical and medical applications [8], secure 
communications [9], optoelectronic devices [10], memristors 
[11]. The chaos-based communication systems have appealed 
a large interest, start with Shannon's 1947 admission that a 
noise-like signal with a waveform of maximal entropy 
produced an optimization wireless communications channel 
capacity [12]. Numerous novel chaotic systems that offer 
various dynamical actions have possessed a place in literature 
[10, 13-21]. Wireless chaotic communication has many 
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features other than the systems dependent on a classical 
harmonic signal, viz enormous safety and hide information 
advantages [22], weak power spectrum intensity, resistance to 
multipath fading, is simply implemented for broadband 
communication system [23], and sensitivity to initial 
conditions [8,24-27]. Pecora and Carroll described that Chaotic 
systems can to synchronization and can be implemented 
utilized electronic circuits [28]. 

II. RELATED WORKS 

Many chaotic communication systems were proposed to 
focus on this type of secure communication for information 
transmissions such as chaotic masking [29], Lorenz system 
[30], Chen system [31], Three-Scroll Unified Chaotic System 
[32], Lorenz-like system[33], Dadar’s system [34], Liu-Chen 
system [35], and Chen-Cheng system [33]. Scientists and 
researchers have grown more interested in chaotic 
communication systems because of the wide bandwidth that 
they enjoy compared to traditional systems with narrow 
bandwidth which is loaded with a large amount of data [36]. S. 
Vaidyanathan (2015) suggested a controlled backstepping 
adaptation design for the anti-synchronization of similar third-
order chaotic systems with undefined factors. For that reason, a 
WINDMI system was chosen. Lyapunov stabilization theory is 
used to implement the suggested controller design. The 
simulation results, with MATLAB, showed the efficiency of 
the adaptive anti-synchronization controller in the situation of 
conformable chaotic modules [37]. Baogui Xin, et al. [2010] 
present a study for chaotic synchronization of WINDMI's 
chaotic partial master-slave compatibility systems through the 
use of linear state error feedback control techniques. 
According to the stability theory of nonlinear fractional 
arrangement systems, the law of linear feedback control for 
chaotic synchronization has been inspected. A numerical 
simulation was performed to prove the performance of the 
suggested synchronization system[38]. Suresh and 
Sundarapandian applied the backstepping control method to 
guess the fixed anonymous factor and realize universal chaos 
synchronization for WINDMI and Coullet chaotic systems. As 
the Lyapunov exponents are not wanted for these 
computations, the adaptive backstepping control design is so 
efficient and suitable to realize cosmopolitan chaos 
synchronization.  Numerical simulations have been done to 
clarify and investigate the effectiveness of the adaptive 
backstepping control-based synchronization schemes of the 
WINDMI and Coullet chaotic systems [39]. S. Vaidyanathan's 
obtained good results for the adaptive backstepping controller 
design for the anti-synchronization of similar WINDMI 
systems (Wind-Magnetosphere-Ionosphere models) with 
undefined factors and also specifics of carrying out SPICE  of 
the suggested adaptive backstepping controller. In the anti-
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synchronization of chaotic systems, the aggregate of the 
outputs of master and slave systems is performed to 
concentrate near to zero with time. The adaptive control design 
for the anti-synchronization of symmetrical WINDMI systems 
with undefined factors has been created by utilized Lyapunov 
stability theory. MATLAB simulations have been displayed 
for the clarification of the adaptive anti-synchronizing 
backstepping controller for symmetrical WINDMI chaotic 
systems. Finally,  the suggested controller has been an 
executive using SPICE, and circuit simulation outcomes have 
been detailed [40]. J. Wang, et al. addressed the problem of the 
time delay between the sending and receiving signals, through 
the chaotic synchronization of the WINDMI system which 
depends on Lyapunov stability theory and matrix weighing 
processes, so that the slave system case at time t is convergent 
synchronization with the factor at time t-τ. mathematical 
software is applied to the evidence of the influence of this 
manner[41]. This paper is regulated as follows: In Section 2, 
the objectives of the proposed research are presenters. In 
Section 3, an electronic circuit of the WINDMI chaotic system 
is displayed based on FPAA technology to prove the 
applicability of the Windme Chaotic system in practice and 
compare it with the theoretical basis model. Section 4 
concludes this work with an outline of the major results. 

III. OBJECTIVES 

  Most chaotic sequences are fundamentally derived from 
single chaotic maps. These chaotic sequences are easy to 
realize. The defects of these chaotic systems sequence 
appeared gradually through the ease of cracking the sequences 
of these systems, so the focus became on the systems that can 
resist this crack. In this research, MATLAB simulations are 
approved software is adopted to clarify the attractor of the 
WINDMI chaotic system, dynamics of the bifurcation 
diagram, and initial value sensitivity which is a paramount 
feature. Lastly, FPAA technology was used to investigate 
WINDMI chaotic system to emphasize the feasibility of the 
theoretical model.  

IV. SYSTEM MODEL  

Originally, in 1998, Horton and Doxas suggested the 
WINDMI system [42]. Smith et al., explorer the effective area 
of the WINDMI system [43].WINDMI system can appreciate 
remoteness factor rates for planets with magnetospheres. In 
detail, there is present partial instability of collision fewer 
ripping styles, and kinetic ballooning styles, WINDMI system 
can be used as an outer framework for these styles[39]. 
WINDMI technique is the Wind-Magnetosphere-Ionosphere 
system which represents the energy influx from the solar wind-
magnetosphere-ionosphere system [37]. Sprott was the first 
one which simplified the mathematical model WINDMI 
chaotic system   as follows  [46]: 

 

𝑦1̇ =  𝑦2  ,                                                                           (1) 

𝑦2̇ =  𝑦3,                                                                             (2) 

 

            𝑦3̇ =  − 𝑎. 𝑦3   − 𝑦2 + 𝑏 −  𝑒𝑦1                           (3) 
 

where y1, y2, and y3 are variables and a, b are positive 

constants. 

V. SIMULATION PARAMETERS OF  WINDMI 

CHAOTIC SYSTEM 

WINDMI system signal has  chaotic behaviour represented 

by a group of continuous curves with a recurring geometric 

pattern and there is no specific way to characterize this model 

because it represents a three-dimensional shape and not a flat 

shape. There are two important parameters in determining the 

chaotic signal specifications, which are the initial conditions, 

whose values are chosen so that the conditional factors of the 

Lyapunov function will be achieved and thus will we 

guarantee that the initial values of the chaotic convergence 

signal will diverge quickly and Bifurcation parameter. 

A. Phase Portraits  

MATLAB program is used for the numerical simulation of 

the WINDMI  system determined by differential equations 1,2, 

and 3. The attractor is a helpful process to test the system's 

common attractions, which change with the initial values. Fig. 

1 shows fore castings of the hidden attractor of the 2-D and 3-

D WINDMI chaotic system with given initial conditions a= 

0.7, b=3.5. Figures 1(a)-(c) display the estimation of the fore 

castings of the unknown attractor of WINDMI chaotic system 

(the x–z plane, the y–z plane, and x-y) successively. Figure 1-d  

presents  the 3-D phase portrait of the attractor.  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Fig. 1. Numerical Simulation Outcomes , for a = 0.7 and b = 3.5, in (a) x-y 

Plane, (b) y-z Plane, (c) x-z Plane and (d) x-y-z Plane. 
 

B. Auto-correlation and cross-correlation 

The auto-correlation mission is an arithmetic gadget for 

revealing iterating models in a signal, like periodic models that 

are concealed by noise. It is utilized to estimate the random 

impression of sequences. The WINDMI chaotic sequence was 

created using MATLAB and the simulation was achieved on 

the Simulink tool see Figure 3. The auto-correlation mission is 

an arithmetic gadget for revealing iterating models in a signal, 

like periodic models that are concealed by noise. It is utilized 

to estimate the random impression of sequences. 
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Fig.2. Numerical Simulation Outcomes, for a = 0.1 and b = 1,in (a) x-y Plane, 
(b) y-z Plane, (c) x-z Plane and (d) x-y-z Plan 

 

The auto-correlation mission of the WINDMI chaotic signal 

produced is displayed in Figure 4. It is obvious that the 

WINDMI chaotic has a perfect autocorrelation function shape. 

The cross-correlation feature is as significant in 

communication devices as the autocorrelation feature. Cross-

correlation is an indication of compatibility distinct between 

the two various codes. A high amount of cross-correlation is 

unwanted in secure communications systems. Figure 5 

displays the cross-correlation of the WINDMI chaotic system. 

It is found that the cross-correlation is near to zero but does not 

reach zero. The excellent cross-correlation efficiently would 

help in overall communication system behavior because of 

noise reduction. The cross-correlation feature is useful for 

CDMA applications, as the receiver can distinguish between 

the spread spectrum signals created by different chaotic 

sequences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3 MATLAB-SIMULINK Model for Windmi chaotic system 

 

 

 

 

 

 

 
 

Fig. 4 Autocorrelation Property 

 

 

 

 

 

 

 
Fig. 5 Cross-Correlation Property 
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C. Balance property 

Balanced property is a beneficial test for chaotic sequences 

utilized insecure communication systems. The simulation 

outcome is displayed in Figure 6. Sequences with length N = 

1000 were produced the mean of differences is 0.4725 and the 

standard variance is 0.2558 which marks that the sequences 

created have superior balance behavior. 

 

 

 

 

 

 

 

Fig. 6 Balance Property 

D. Initial Condition 

 WINDMI chaotic system is extremely susceptible to initial 

conditions, and for this reason, it is very difficult to prophesy 

the path of the system. Small variation through the initial 

values of the chaotic map can lead to the important variation of 

the sequences with the growing iteration times. Figure 7 

displays WINDMI chaotic x(t),y(t) and z(t) output signals for 

the initial values a=0.7 and b= 3.5, while Figure 8 displays the 

x(t),y(t) and z(t) output signal for initial values a=0.1, b=1 

after iterating sever times the variance has become clear. It can 

be said that the WINDMI chaotic system is easy to build, in 

addition to the possibility of obtaining an infinite number of 

the output signal by changing the most crucial parameters a 

and b which affects not only the amplitude but also the 

frequency and shape of the output signal. 

 

 

 

 

 

 

 

 

 
 

Fig.7. Time Series  at a = 0.7 and b = 3.5 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 8. Time Series at a = 0.1 and b = 1. 

E. Bifurcation Property 

The bifurcation of a dynamical system as an arbitrary 

variable in its actives is obtained by changing a parameter 

while staying other parameters constant. For a < 0.2, 

reiterations of the WINDMI chaotic map converge to infinity 

from all initial conditions. For a > 1, nearly all initial 

conditions converge to infinity see Figure 9. The bifurcation 

diagram is thus bounded to the extent 0.2 < a < 1, where 

limited solutions can be held. Among a = 0.75 and a = 1, the 

border set composed of a sole value. This is compatible with 

the stable regime, but one that should be held in this case as a 

period-1 periodic path. At a = 0.75, a bifurcation happens, 

providing giving birth to a period-2 periodic orbit ( Iterations 

swing among two worths). This is a paradigm of -doubling the 

bifurcation period. At a = 5.5, there is a path of the period-4  

that is readily visible in the bifurcation diagram and so on. The 

bifurcation at a = 0.35 in Figure 9, is barely apparent, and fully 

unapparent to the naked eye. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9. Bifurcation Diagram 

F. Power Spectral Density Property 

There are various ways for spectrum appreciation. This 

research employs a periodogram, which is the majority 

widespread method to estimate the PSD of a chaotic signal 

using discrete Fourier transform. The spectrum assessments for 

(𝑥, y, and 𝑧) for low (a = 0.1, b = 1) and high (a = 0.7 and 

b=3.5) are display in Figures 10 and 11, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
 

 

Fig. 10. WINDMI Chaotic System PSD for (𝑥, y, and 𝑧)  

at Low (a = 0.1, b = 3.5) 
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Fig. 11.  WINDMI chaotic system PSD  for  (𝑥, y, and 𝑧)  

at high (a = 7.1, b =  3.5) 

 

The power spectrum density of the windmi chaotic signal, 

when the series extend to 2048 points and the sampling time of 

0.15 s. The peak at 0.3 Hz is obtained by the length of the 

sequences. The peak at 1 Hz is an odd harmonic of the peak at 

0.3 Hz. PSD parameters of  WINDMI chaotic signal  are 

displayed in tables I, II. 
Table I 

PSD Parameter for Initial Condition  a = 0.7,b = 3.5 

 

 Table II 
PSD Parameter for Initial Condition  a =0.1,b = 1 

 

VI. EXPERIMENTAL RESULTS 

Reconfigurable computing has contributed many solutions to 

countless engineering cases. Field-Programmable analog array 

(FPAA) technologies are the ideal solution for countless 

analog signal processing implementations. This technology 

contains many components for each chip, such as integrators, 

multipliers, summing, gain, filters, and other blocks. It 

provides high accuracy, electronic efficiency, and ease of 

implementation compared to DSP processors. FPAAs provide 

the ability to change specifications designed in real-time to 

meet requirements with the variable demand of the system. 

FPAA reconfigurable technologies have shown increased 

growth in versatility due to their minimal energy 

consumption[46]. It is used for biomedical usages [47], data 

processing [48], dealing with images [49], and robotics 

tracking [50]. FPAA technologies have the ability to update 

and adapt to various circumstances without the need for a reset 

[51]. The AN231E04 FPAA chip is composed of a 2x2 matrix 

of complete computation analog blocks (CABs), encompassed 

by programmable linking sources and analog input/output cells 

with robust components as shown in Figure 12.  

The AN231E04 chip Characteristics seven configurable 

input/output every utilized as input or output in addition to a 

master signal generator used to generate the required 

frequency signals. Arranged data is stowed in SRAM 

configuration memory. This memory is allowed for various 

circuits to be loaded without deactivating the present circuit 

employment see Figure 12[52].  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12. Architectural Overviews of Anadigm FPAA 

AN231E04 [52] 
 

 Simulink software is recognized worldwide as a standard 

simulation tool. In this paper, WINDMI chaotic system is 

designed and built using MATLAB/Simulink. The results 

obtained are used to form the validity of the FPAA circuit. 

Specialized development software Anadigm Designer2 is used 

to design a WINDMI chaotic system described by the 

mathematical relationship clarified by equations (1-3)  in 

addition to MATLAB. The circuit of the proposed system is 

built by the desired CAMs. Various ingredients can be 

factorized as necessary, for example, the user can adjust the 

differential factors for differentials, etc. The FPAA chip will 

not permit inconsistent components to be linked. For example, 

all linked components should be adjusted to a similar clock 

frequency. For example, all linked components should be 

adjusted to a similar clock frequency. If there is no 

compatibility between the CAMs used in the proposed circuit, 

the device will link the ingredients with a punctate line. Figure 

13 shows the implementation of the WINDMI chaotic system 

structure of Simulink design display in figure 3 using two 

AN231E04 FPAA chips. 

  

Initial Condition (a = 0.7, b =3.5) & Sequences length (2048) 

planes X plane Y plane Z plane 

Sampling time  in sec 0.15 0.15 0.15 

Frequency of the Peak in Hz 0.5 1.5 1.375  

Frequency of the peak for 

odd harmonics in Hz 

 

 

1.875 

 

2 

 

2 

Initial Condition (a = 0.1, b = 1) & Sequences  length (2048) 

planes X plane Y plane Z plane 

Sampling time  in sec 0.15 0.15 0.15 

Frequency of the Peak in Hz 0.9375 1.125 0.75 

Frequency of the peak for 

odd harmonics in Hz 
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--------- 

 

-------- 
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Fig. 13.  The Implementation of the WINDMI Chaotic System Structure 

 Anadigm Designer2, software permits the user to paradigm a 

circuit and immediately perform it on the FPAA chip. The 

circuit consists of three integrators, a summing amplifier, a DC 

power supply, and gain units. Arbitrary Periodic Waveform 

Generators are used to generate exponential signal see Figure 

13. The sample and hold unit is utilized to face the loss of 

compatibility between the different  units  which is the  most 

important problem that faces the implementation of the 

proposed system. This trouble causes fading and distortion in 

the form of the WINDMI system output signal. 

 

Fig. 14. Windmi Chaotic System output  at  a = 0.7, b = 3.5 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Fig. 14. Windmi Chaotic System output  at  a= 0.1, b = 1 

CONCLUSION 

   A prototype for WINDMI chaotic oscillator based on Field 

Programmable Analog Arrays (FPAAs) is presented in this 

paper. For the case study a =0.7, and b=3.5   the system is 

chaotic and it establishes a chaotic attractor, and these chaotic 

features can be watched from the time series, power spectral 

density, bifurcation diagram, and correlation properties. The 

simulation presents that the WINDMI chaotic system has a 

locative bounded noncyclic orbit and offers sensitivity based 

on initial conditions. Eventually, the electrical circuit for the 

WINDMI chaotic system was constructed and the match 

results of the electrical circuits applied on the FPAA  chip with 

those of MATLAB simulations have been Noticed. Given that 

they are very affected by its initial conditions, which allow 

generating an unlimited number of signals, WINDMI chaotic 

signal can be considered a promising signal in  CDMA  

applications. 
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