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a b s t r a c t 

There are many recent investigations on chaotic systems with self-excited and hidden attractors. In this 

paper we introduce a chaotic system in which the attractor can change between hidden and self-excited 

attractor depending on the value of parameters. Dynamical properties of the proposed attractor are inves- 

tigated. The attractor is then realized using off the shelf components. Also, for this new system electronic 

circuit is implemented and FPGA-based chaotic oscillator is designed. In the end, the fractional- order 

form is examined through bifurcation and stability analysis. 

© 2017 Elsevier Ltd. All rights reserved. 

1. Introduction 

Dynamical systems can be categorized into systems with self- 

excited attractors and systems with hidden attractors [1–3] .A self- 

excited attractor has a basin of attraction that is associated with 

an unstable equilibrium, while a hidden attractor has a basin of 

attraction that does not intersect with small neighborhoods of any 

equilibrium points. Hidden attractors are important in many engi- 

neering problems as they allow unexpected responses [4,5] . Con- 

trol of such hidden oscillations is a big challenge because of their 

multi-stable nature [6,7] . Chaotic attractors with no equilibrium 

points [8–11,11–15] , with only stable equilibria [16,17] and with 

curves of equilibria [18] are widely discussed in literatures recently. 

Fractional order no equilibrium systems with its FPGA implemen- 

tation have also been reported recently [19,20] . A no equilibrium 

fractional order hyperchaotic system is proposed and investigated 

in [21] . 

The first chaotic circuit was designed by Chua [22] . This circuit 

has been used in applications like chaos-based generator. Later, 
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some more different chaotic electronic circuits such as simple RLC, 

RC circuits [23–25] , oscillators [26,27] and capacitor circuits were 

introduced. Many different chaotic and hyper chaotic systems have 

been realized in literature which in order to prove that the solu- 

tions are not numerical errors [28–41] . 

FPGA chips are programmable integrated circuit devices for dig- 

ital circuit designs. FPGA chips allow designers to make designs 

wherever they want, even after chip manufacturing has been com- 

pleted [42] . FPGA chips have very high capacity and speed. These 

chips are often called System on a Chip (SoC). In addition, they can 

work as part of larger systems with other chips, when needed [43] . 

Today, there are FPGA chips with an operational frequency of ap- 

proximately 1 GHz. Although FPGA chips have lower operational 

frequency compared to personal computers, they can perform op- 

erations much faster than the personal computers thanks to its ad- 

vantages such as parallel operation and system specific design. An- 

other advantage of FPGA chips is that they can run more than one 

copy of a designed system inside the chip and achieve very high 

speed advantages. In addition, FPGA chips are used as prototypes 

for ASIC-based applications because of their low cost and repro- 

gramming capabilities. [44] . Today FPGA chips are widely used in 

many fields such as image processing [45] , pseudo and true ran- 

dom number generator [46–4 8] , communication [4 9] , pseudo and 

true, control [50] , and artificial neural networks [51,52] . 
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Fig. 1. 2D phase portraits of the self-excited attractor with b = 0 . 8 : (a) x, y ; (b) x, z ; (c) y, z . 2D phase portrait of the hidden attractor with b = 0 : (d) x, y ; (e) x, z ; (f) y, z . 

A fractional-order chaotic system is asymmetric, dissimilar, and 

topologically inequivalent to typical chaotic systems. It challenges 

the conventional notion that the presence of unstable equilibria is 

mandatory to ensure the existence of chaos [53,54] . A fractional or- 

der chaotic system without equilibrium point is discussed in [55] . 

Fractional calculus and its application in engineering and science 

have drawn attention in the last decade [56–59] . Various control 

approaches with fractional order are also discussed in [60–62] . A 

novel fractional order no equilibrium chaotic system is investigated 

in [54] and a fractional order hyper-chaotic system without equi- 

librium points is investigated in [55] . Memristor based fractional 

order system with a capacitor and an inductor is discussed [63] . 

Numerical analysis and methods for simulating fractional order 

nonlinear system is proposed in [64] and Matlab solutions for frac- 

tional order chaotic systems is discussed in [65] . Current through 

the capacitor and voltage in the inductor are applicable for an ideal 

condition. If the losses of the capacitor and proximity effect of the 

inductor is included then the derivative in their equations actually 

become fractional order derivative [66] . 

Recently a 3D chaotic system which can have three famous cat- 

egories of hidden attractors plus systems with self-excited attrac- 

tors was discussed in [67] . A hyper-chaotic system which behaves 

like a chameleon with both self-excited and hidden flows was dis- 

cussed in [68] . Motivated by this, in this paper we announce a 

chaotic system which can have self-excited or hidden attractor de- 

pending on the values of the parameters. This system helps us to 

better understand the hidden chaotic flows which can change in 

parameter space. 

In Section 2 , chaotic chameleon system is introduced and its dy- 

namical properties are analyzed. In Sections 3 and 4 , circuit realiza- 

tion and FPGA design will be carried out. In Section 5 , fractional- 

order form and its dynamic analyses of the proposed system are 

presented through bifurcation and stability analysis. The last sec- 

tion provides conclusions and future works. 

2. Chaotic chameleon system and its dynamic properties 

In this section we propose a novel chaotic system which we 

have named as chaotic chameleon for the reason that the system 

shows self-excited and hidden oscillations depending on the value 

of parameter. Table 1 shows the chaotic system and its parameter 

values. 

The initial conditions of the system are taken as [0.1, 0.01,0.01]. 

Fig. 1 shows the 2D phase portraits of the self-excited and hidden 

attractors. 

2.1. Equilibrium points 

The equilibrium points of 3D chaotic amphibian sys- 

tem depends on the parameter b and is given by the 

x = ±3 . 5 
√ 

12 . 25(a − b 2 ) ; y = −b; z = ∓ 1 
2 b 

√ 

12 . 25(a − b 2 ) . The 

system has no equilibrium when b = 0 . It has an unstable equilib- 

rium E 1 , 2 = ±0 . 4 , −0 . 8 , ∓0 . 8750 when b = 0 . 8 . The Eigen values of 

the system at E 1 are λ1 , 2 = −1 . 8497 ± 3 . 0720i , λ3 = 0 . 2034 where 

λ3 is the unstable node and the eigen values of the system at E 2 
are λ1 , 2 = 1 . 8497 ± 3 . 0720i , λ3 = −0 . 2034 where λ1, 2 is the unsta- 

ble spiral point and thus SA system is a self-excited attractor for 

both the equilibriums. The characteristic equations for the system 

at E 1, 2 are λ3 ± 3 . 49 λ2 + 12 . 10 λ ∓ 2 . 62 . As per Routh-Hurwitz 

criterion, all the principal minors need to be positive for the 
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