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Abstract: This paper investigates a new methodology for the FPGA implementation of adaptive synchronization
between novel chaotic systems. Adaptive synchronization between the chaotic systems is achieved based on
Lyapunov stability theory. The adaptive controllers and the parameter update laws are derived for the complete
synchronization between the identical novel chaotic systems. Then the novel chaotic system, designed
adaptive controllers, the parameter update laws and the synchronized chaotic systems are implemented in FPGA
Virtex6 using Xilinx system generator. The MATLAB simulation results and FPGA outputs show the
effectiveness of proposed methodology in this paper.
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INTRODUCTION control method [22], sample data feedback method [23]

In 1990, the synchronization of two identical chaotic knowing of the system parameters. Since the parameter
systems with different initial conditions is achieved by values are unknown in practical situations, the chaotic
Pecora and Carroll [1]. The synchronization of chaotic systems defy synchronization. Therefore, the design of
systems have wide applications in several fields such as adaptive controller for the synchronization of chaotic
chemical system [2], ecological system [3], physical systems with unknown  parameters  is  an  important
system [4], lasers [5-6] and secure communication [7-9], issue.
cryptosystems [10-11], robotics [12-13], neural networks Adaptive control technique is used to synchronize
[14-16], etc. the chaotic systems when the parameters are unknown. In

Since the chaotic system are very sensitive to initial this technique, adaptive controllers and parameter update
conditions, even two identical systems starting from laws are designed in such a way that chaotic slave system
slightly different initial conditions would evolve in time in is controlled to be the chaotic master system. There are
an unsynchronized manner. This is a practical problem, several synchronization methods such as complete
insofar as experimental initial conditions are never known synchronization [24], anti synchronization [25, 26],
perfectly. Therefore the synchronization of even identical projective synchronization [27] etc.
chaotic system with different initial conditions has great Complete synchronization is characterized by the
importance and interest. equality  of   state  variables  evolving  in  time,  while anti

The synchronization of chaotic system may occur -  synchronization  is   characterized  by the
when a chaotic system  drives  another  chaotic  system. disappearance of the sum of relevant state  variables
In master – slave method, the master chaotic system is evolving  in  time. In hybrid synchronization of two
used to control the slave chaotic system in such a way chaotic systems, one part of the systems is completely
that the output of the slave system follows the output of synchronized and  the  other  part  is  anti-synchronized
the master system asymptotically. In the recent years, so that the complete synchronization and anti-
several chaos synchronization methods have been synchronization co-exist in the systems. Projective
proposed such as OGY [17], Active control method [18], synchronization is characterized by the fast that the
Adaptive control method [19], time delay feedback master and slave systems could be synchronized up to a
method [20], back stepping method [21], sliding mode scaling factor. 

etc. Most of the researches are based on the exactly
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This paper deals with FPGA implementation of
complete synchronization of identical chaotic systems
with different initial conditions using adaptive control (2)
techniques. The new result for adaptive controller
functions and the parameter update laws are derived Here x , y and z  are the state variables of slave
using adaptive control technique. The main complete system and a, b, c, d, r and m are the positive unknown
synchronization result derived in this paper is established parameters and u , u  and u are the control functions
using Lyapunov stability theory [28]. Numerical used to synchronize the slave system with master system.
simulations using MATLAB and Xilinx outputs are The complete synchronization error are defined as, 
provided to illustrate the main results of this paper.

This paper is organized  as  follows.  In  Section  II, , , (3)
the  3D  dynamics  of  new  chaotic system is described.
In section III, the adaptive controller and the parameter Our goal is to design a controller and parameter
update laws are derived for the complete synchronization update law to synchronize the system (1) and (2). The
of identical new chaotic system when the parameters are Controller  is defined for the adaptive control functions
unknown. In Section IV, the FPGA implementation of the such that the error drives to zero,
complete synchronization between identical new chaotic
systems is described. In section V, the MATLAB
simulation results and FPGA output are given. Section VI
contains the conclusions of this work.

Describtion of Novel Chaotic System: The novel chaotic (4)
system is described as follows:

(1)

Here x, y and z are the state variables of novel chaotic
system. The system (1) exhibits chaotic behavior when a
= 12, b = 5, c = 0.8, d = 28, r = 3, m = 10.

Design of Adaptive Controllers for the Synchronization
of Novel Chaotic System: In this section, adaptive
controllers and parameter update laws are derived, based
on the adaptive control theory, for the complete
synchronization of identical chaotic system. Chaotic
systems are dynamical systems that defy synchronization,
due to their essential feature of displaying high sensitivity
to initial conditions. As a result, two identical chaotic
systems starting at nearly the same initial points in phase
space develop onto trajectories which become
uncorrelated in the course of the time. Nevertheless, it is
possible to synchronize these kinds of systems, to make
them evolving on the same chaotic trajectory. In complete
synchronization, synchronization appears as the equality
of the state variables while evolving in time. The existence
of complete synchronization implies that the slave system
is asymptotically stable. The equation (1) is considered as
master chaotic system and the controlled slave chaotic
system is given as follows:

1 1 1

1 2 3

Here  the estimated are values of the

unknown parameters a, b, c, d, m and r respectively. Let
us define the parameter update law as,

(5)

Consider a Lyapunov function candidate as, 

Thus, by Lyapunov stability theory, it is immediate
that the synchronization error, e , i=1,2,3 and thei

parameter estimation error e ,e ,e ,e ,e ,e , decay to zeroa b c d r m

exponentially with time.
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Fig. 1: FPGA implementation of novel chaotic system

Fig. 2: 3D attractor of novel chaotic system real data on 32 bits, 16 for the entire and 16 for the

Fig. 3: Attractor of novel chaotic system in x-y plane Figures 6 – 8.

FPGA Implementation of Novel Synchronization
Methodology for Novel Chaotic Systems: In this section,
the proposed adaptive complete synchronization
methodology for novel chaotic system is implemented in
FPGA Vertex6. First the novel chaotic system (1) is
constructed  using  Xilinx  system  generator  blocks.
Then the designed adaptive controller (4) and parameter
update laws (5) are also constructed using system
generator blocks. Finally the bit stream file is  obtained
and loaded to FPGA. This FPGA implementation is
adopted with a fixed point and with a representation of the

fraction.
Fig 1 represents the implementation of novel chaotic

system (1) using XSG blocks. The 3-D phase portraits of
novel chaotic system (1) obtained using XCG design for
the initial conditions {x(0), y(0), z(0)} = {5,8,3} are shown
in Fig. 2.

Fig 5. Attractor of novel chaotic system in x – z plane
The 2 – D phase portraits of novel chaotic system (1) for
the same initial conditions are depicted in Figures 3 – 5.
The time evaluation of state variables of novel chaotic
system for different initial conditions is depicted in
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Fig. 4: Attractor of novel chaotic system in y-az plane

Fig. 5: Attractor of novel chaotic system in x - z plane

Fig. 6: Time evolution of state variables x

Fig. 7: Time evolution of state variables y

Fig. 8: Time evolution of state variables z

Fig. 9: RTL Schematic diagram of novel chaotic system

Table 1: The Source consumed by novel system

Slice Logic Utilization Used Available Percentage

Number of Slice Registers 303 393,600 1%

Number of Slice LUTs 1,063 196,800 1%

Number of occupied Slices 336 49,200 2%

Number of bonded IOBs 97 600 10%

Number of BUFG/BUFGCTRLs 1 32 3%

Number of DSP48E1s 20 1,344 1%

The solid line represents the state variables for the
initial conditions of {x(0), y(0), z(0)} = {5,8,3} and the
dotted line represents for the initial conditions of {x(0),
y(0), z(0)} = {7,4,2}.

The implemented structure of the new chaotic system
in Xilinx ISE into Virtex6 xc6vsx315t-3ff1156 is shown in
the Figure 9. After implementing novel chaotic system to
FPGA, by using ISE program, how much source is
consumed  by  novel  chaotic  system can  be seen in
Table 1.

FPGA implementation of parameter update law (5) is
depicted in Figure 10. The block diagram for equations (5)
is constructed using Xilinx  system  generator  blocks.
The initial values for unknown parameters a, b, c, d, r and
m are respectively taken as 1.

FPGA implementation of adaptive control functions
u , u  and u  are depicted in Figures 11 – 13. The block1 2 3

diagrams for equations (4) are constructed using Xilinx
system generator blocks.

FPGA implementation of adaptive synchronized
novel   chaotic  system    is    depicted   in   Figure  14.
The   master    system   block   contains   the   novel
chaotic generator (Figure. 1), the slave system block
contains the block diagram of controlled slave system
given in Equation.2, the parameter update law block
contains the Figure 10 and the adaptive controller u ,1

adaptive controller u  and adaptive controller u  blocks2 3

contain the Figure 11, Figure 12 and Figure 13
respectively.
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Fig. 10: FPGA implementation of parameter update law

Fig. 11: FPGA implementation of controller u1
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Fig. 12: FPGA implementation of controller u2

Fig. 13: FPGA implementation of controller u3

Fig. 14: FPGA implementation of synchronized chaotic system
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Fig. 15: (a) Time evolution of x and x Fig. 16: Time evolution of error signals e , e , e1

Fig. 15: (b) Time evolution of y and y Fig. 17: RTL   Schematic   of   synchronized  chaotic1

Fig. 15: (c) Time evolution of z and z1

1 2 3

system

Table 2: The Source consumed by synchronized novel chaotic system

Slice Logic Utilization Used Available Percentage

Number of Slice Registers 1,396 393,600 1%

Number of Slice LUTs 3,493 196,800 1%

Number of occupied Slices 1,121 49,200 2%

Number of bonded IOBs 97 600 16%

Number of BUFG/BUFGCTRLs 1 32 3%

Number of DSP48E1s 140 1,344 10%

Synchronization Results and FPGA Outputs: The initial program, how much source is consumed by the
conditions for the state variables of master system can be synchronized  novel  chaotic  system  can  be seen in
chosen as x(0) = 5, y (0) = 8 and z (0) = 3 and the initial Table 2.
conditions for the state variables of slave system can be The result of VHDL code simulation using Xilinx Isim
chosen as x (0) = 7, y  (0) = 4 and z  (0) = 2. Hence the simulator is shown in the Figures 18a-c. The Figure 18 (a)1 1 1

initial values for error signals are, e (0) = 2, e (0) = -4 and presents a portion of the waveform  of  synchronized1 2

e (0) = -1. signal  x,  x  and  e .  The  signal  x  has  the numerical3

The time evolutions of the master and controlled value  5  and  x   has  the numerical value 7, therefore e
slave system variables  are  depicted  in  Figures  15a-c. has the value 2. The Figure 18 (b) presents a portion of
The   time    history    of    error   signals  which reaches the waveform  of  synchronized   signal   y,   y   and e .
zero   when    two    chaotic   systems    are synchronized The signal y has the numerical value 8 and y  has the
is  depicted in  Figure   16.   The   implemented  structure numerical   value    4,   therefore   e    has  the  value  -4.
of  the   synchronized   novel   chaotic  system in Xilinx The  Figure  18 (c) presents  a   portion  of the waveform
ISE   into    Virtex6     xc6vsx315t-3ff1156     is shown  in of synchronized signal z, z  and e . The signal z has the
the  Figure  17.  After implementing the synchronized numerical value 3 and z  has the numerical value 2,
novel  chaotic  system  to   FPGA,   by   using  ISE therefore e  has the value -1.

1 1

1 1

1 2

1

2

1 3

1

3
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(a) Simulation result of x, x  and e1 1

(b) Simulation result of y, y  and e1 2

© Simulation result of z, z  and e1 3

Fig. 18: Simulation results using ISim simulator

CONCLUSION method  is   efficient   for  the  complete synchronization

In this paper, FPGA implementation of adaptive adaptive controller, Parameter update law and the
complete synchronization  methodology for  novel synchronized novel chaotic systems are implemented in
identical chaotic systems is proposed. The proposed FPGA Vertex 6. The simulations results and FPGA outputs
method has been derived  according to  Lyapunov are indicating that the proposed methodology is very
stability theory. Since the Lyapunov exponents are not effective and convenient to synchronize the chaotic
required for these calculations, the adaptive control systems.

of  chaotic  systems.  The  novel  chaotic  system,
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