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Abstract: In chaos synchronization, a feedback controller is designea way that one of the chaotic oscillator completely tsace
the dynamics of another chaotic (master) oscillator. Thiggp aims to investigate the synchronization behavior éetviwo identical
chaotic gyros and two non-identical chaotic gyro and thelidmtHump Duffing-Van der Pol (DHDVP) oscillators. Based ba Routh-
Hurwitz criterion and Lyapunov stability theory and usifg tactive control strategy, a single input control functi®esigned that
establishes the synchronization globally. The linear mdletr gain coefficients are determined by our own choice &mesures the
globally exponential stability of the closed-loop. Effeftthe unknown time varying external disturbances is underdiscussions.
The simulation results are carried out to verify the effemtess of the proposed active control strategy and posiEagbility in
synchronizing two identical and two non-identical chaaicillators.
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1 Introduction controller. There is no derivative in the controller. These
features have initiated research interest in the use of
Chaotic synchronization has become an important topic@ctive control strategies for the synchronization of cleaot
in nonlinear science not only for its importance in theory systems.
but also for its successful applications in certain fields of A gyro is particularly an interesting form of nonlinear
engineering and sciences, ?,3,4]. A variety of control ~ system. Because of the nonlinear terms in the dissipative
techniques and algorithms are developed to carry ougyro system, the gyro exhibits both sub-harmonic and
chaotic synchronization. These include, the linear errorchaotic motions with period-doubling route to cha®s,[
state feedback controb], nonlinear control §], active  17]. Gyro has been used to describe the mode in
control [7], the projective lag synchronization8][ navigation, aeronautics, space engineering and the dontro
adaptive control 9] and sliding mode control10] (to of complex physical system4&§]. The synchronization of
name but a few). Among the aforesaid techniques andx chaotic gyro has received tremendous interest in the
algorithms, active control methods are attractive controlconcerned literaturel[r,19]. Ref. [2(] investigated the
strategies both for synchronization of two identical andnonlinear motion of a symmetric gyro with nonlinear
non-identical chaotic systems due to the powerfuldamping mounts on a vibrating base. A one-way coupling
applications in different scientific fields such as the approach is used to synchronize two identical chaotic
Bonhoffer-Van der Pol oscillator 1fl], Bose-Einstein gyros. Ref. 1] extended the findings o] and applied
Condensate 12], HIV/AIDS chaotic systems 3] and an active control technique2®] to synchronize two
Duffing-Van der Pol oscillator[4], (are worth citing here identical chaotic gyros with nonlinear damping. In these
among others). If the nonlinearity of a system is known,cases, Globally Exponential Synchronization (GES)
an active control technique can be easily designedcondition is achieved based on the Routh-Hurwitz
according to the given conditions of the chaotic systemcriterion.
[15] to achieve synchronization. It is not necessary to  However, in the findings of these resul®[21], there
calculate the Lyapunov exponents to execute thearetwo main limitations. Firstly, the GES behavior of two
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identical chaotic gyros using active controR]] is R" denotes then-dimensional spaceR™", the space
investigated with the control inputs numerically equal to of all matrices of (nx n) dimension; AT denotes the
the number of error states. This property of active controltranspose of a matrid; The vector norm is represented
design puts an extra effort into the system beingby || |.

synchronized. Secondly, the synchronization between two

identical gyros is achieved without considering the effect

of unknown external disturbance. In real-life applicasipn 2.1 Problem formulation

effect of the external disturbance cannot be ignored. This

arises from the fact that even a small bounded disturbance Certain chaotic system is called the master or drive
can cause the synchronization error control system to b&yStem and the second system is called slave or response
unstable. system. Most of the synchronization procedures belong to

Thus, it is more motivating and significant from the master-slave system configuration, in which the slave
theoretical as well as practical point of view to investigat SYStem is forced to track the master system and the two

the synchronization problem of a chaotic gyro with less SyStems show common behavior for all future states.
control effort and fast synchronization speed in the Consider a master-slave system synchronization scheme

presence of unknown time varying external disturbance that is described by the following differential equations:

Contributing to this line of literature, the ultimate aim is { Master systemX (t) = (X (t)) My +F (X (t))

to adopt an active control strategy to investigate further | gjave systemy (1) = (Y (1)) Ma+G(Y (1)) + ()
the synchronization problem for a chaotic gyro based on (1)

the synchronization cost and controller complexity. Isthi \yhere X(t) = [xa(t), Xo(t), -, xn(t)]T c R and
research effort, Routh-Hurwitz criterior23], Lyapunov Y@ = [it), ya(t),--- ya()]T € R" are the state

stability theory and active control strategy are applied tovectors,F (X (1)) andG (Y (t)) are the nonlinear bounded

synchronize two identical chaotic gyros. Sufficient smooth functions and; M, € R™M are the constant

algebraic conditions are derived to compute the Imearsystem matrices of the corresponding master and slave

controlier gains. These gains are then employed tOsystemsl) respectively. The controller vector is denoted
achieve the GES. This study also discusses theasu(t)eR“. In these circumstances, our aim is to design
synch_romzaﬂon phenomena between two dlfferenta feedback control law that describes the synthesis of a
chaotic oscillators; the gyro2[l] and DHDVP PR4] for bounded control inpuu(t) € R". This control input
further synchronization investigation. A single control realizes the GES of the slave sysiem to the master system
input is designed that guarantees the GES. The designq scheme 1). Moreover, j(t) € R" establishes the

cont_roller contains only feedback terms and part'algloballyexponential stability of the closed-loop.
nonlinear terms of the systems, and they are easy t

implement practically. Furthermore, the stability of the
synchrom;atmn error system W'th the effect of gnknovyn system is defined as the difference between the master
external disturbance is investigated. In comparison with ; i

) . ; and slave systems given by:
some previous results, the external disturbance signals ar
assumed to be time-varying with unknown bounds. The le®l=lyit)=x@®|, eat)eR
work in this research paper is an improvement to the
existing results20,21] in terms of synchronization speed,
quality and controller cost.

Definition 2.1. The synchronization error dynamical

Thus, the error dynamical system for the synchronization
schemeY) is described as follows:

The rest of the paper is organized as follows. et) = Y (t) Mz — X (t) M1+ }
In section 2, some basic preliminaries and problem G(Y (1)) +F (X)) +u(t)
statement are given. A systematic procedure for the= e(t) = Mse(t)+H (X (t),Y (t),e(t))+ u(t), (2)

proposed active controller design is given in section 3. 'nwhereMg — My — M is the matrix of the linear part and

section 4, the description of a chaotic gyro is given and g ;
solution is provided for the synchronization problem of the functiontt (X (t), Y (1) .&(t)) described by,

two identical chaotic gyros. The synchronization problemH (X (0),Y (1), e(t)) = G(Y(t)—FX@)+ }
between two non-identical chaotic gyro and the ’ ’ T (Ma—Mp)Y (t) — (M1 —Mq) X(t)
Duffing-Van der Pol oscillators is solved in section 5 and . . .

the synchronization behavior under the effect of unknowngontains the nonlinear functions and un-common parts of
time varying external disturbance is investigated. Fipall € rror system?).

the concluding remarks are made in section 6. - .
9 Objective 2.1.The states of the master and slave chaotic

systems 1) are globally synchronized exponentially, i.e.
. L A B n
lim [lex (t)] = Jim [lyi (©) =% ()| =0, ¥ & (0) € R

Objective 2.2. The closed-loop systemd) is globally
The following notations will be used in this paper; exponentially stable.

2 Proposed active control strategy
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. 2
2.2 Controller design where, az% — Bsing; is a nonlinear resilience

force, f sinwt; represents a parametric excitation and the
Theorem 2.1.The GES synchronization of master and value of f being in the range of, 32 f < 36, w is the
slave systemslj is accomplished by using the following frequency of external excitation disturbanag and

active controller: c,0° represent the linear and nonlinear damping terms,
respectively. According to20], the spin Euler’'s anglep
p(t) =—H(X(t),Y(t),e(t))+v(t), (3)  and precessiony have cyclic motions, and hence their

_ 1 _ momentum integrals are constant and equal to each other.
where the sub-controller matrix(t) € R™" is defined as  So the governing equations of motion depend only on the

follows: mutational anglé.
Vi (t) = —Ke (1) = —K (Y (t) = X (), i=1,2,-n, Given the states,
. 1— 0 2
which is the control function ofe(t) andK € R™" is a x=6,y=6 andh(6) = —a?! si%ose) '

feedback linear control gain mat(ix that adjusts the ¢ system of equations) can be transformed to the
strength of the feedback controller into the slave SySte”}oIIowing normalized form:

and is to be determined.
Proof. Let us assume that the parameters of the master

and slave systemd)are available and measurable. Using 0 17 /[x@)
systems of Egs.2) and @), the closed-loop is given by [O —CJ [y(t)} +
the following: X(t)} B 1 ©)
5(t) = yo| [ o 0 0 :
e(t) = Mae(t)+ v (t) [h(x(t)) sinx(t) —y3(t) B+ fsinwt

= Mze(t) — Ke(t) K

= (Ms—K)e(t)

= Me(t) (4)  The gyro exhibits a chaotic attract@q] for the following
where parameters:

M = (Mg —K) € R™"

Corollary 2.1. Objective (2) will be established if the a’= 100,8=1,¢;=0.5,c,=0.05w=2,f =355
coefficient matrix € R™" (4) is Hurwitz.
The chaos synchronization problem is the same as

stabilization of the closed-loop systed) @t the origin. A The dynamics of the chaotic gyro syste®) fpas been

linear control gain matrix K € R™" can be chosen in extensively studied by Che2()] and Lei et al P1] for the

such a way that the real part of the eigenvalues of theabove chosen parameter valugs?,3,c1,c,, w, f) and

system matrixM € R™" is negative. This confirms that for a space area range of the amplitude of the parameter

the closed-loop 4) is GES stable. Thus, the excitation P1]. The synchronization problem of two

synchronization schemé)(achieves GES. identical gyros is usually employed in attitude control of
long-duration space crafts, signal processing in optical
gyro and secure communicatiorisT].

3 Identical synchronization for two coupled
chaotic gyros

3.1 Dynamics of a chaotic gyro
3.2 Problem statement
A gyro is a device for measuring or maintaining
orientation, based on the principles of angular
momentum. Mechanical gyros typically comprise a
spinning wheel or disc in which the axle is free to assume,

any_orientation. In th|_s paper, a pgrlodmally forcedz chaotic gyro oscillator, the two coupled chaotic gyro
nonlinear and symmetric gyro is considered, as shown scillators are described in a master-slave system

Fig. 1 :’he eql]ﬂ?élon ctth_monon Ifg,r.a §ymmbetr|2(20(?haot|c synchronization in¥). In this system, master oscillator is
gyro in terms of the rotating ang|é”is given by [20): described with two state variables, denoted by subscript 1,
which drives the slave oscillator having identical

In order to observe the synchronization behavior in the

. -~ 2
6+ aZ(.l i‘igS:) T | = fsinwtsing, (5) equations, denoted by subscript 2. However, initial
€10+ c6° — Bsind conditions of the master gyro oscillator are different from
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that of the slave gyro oscillator. sense that,
(Master Gyrg Jim fles ()]} = Jim [jx2 (t) —xa (t)] =0
XU _ 0 1 pa(b) lim ez (t)]| = lim [ly2(t) = ya (t)]| = O
L'/l (t)} B [0 —Cl] Lﬁ )" e e
0 0 0 1 Objective. 3|i2.Tht;3I closed-loop systenil@) is globally
) f sincot exponentially stable.
oo ) sime 0420 |8 e Py
Theorem 3.1.The GES of master and slave oscillator (
(Slave Gyrg Y is accomplished by using the following active controller:
()| _ [0 1 | [|%(t)
v2(t)] T [0—c1| [y2(®)] T [ul(t)} = { 0
1 Ha () h(x¢(t)) —h0e(t) +c2 (3 (1) i (1)
[ 0 o 0 } B+ fsinat v (t)
h(x (1)) sinxz (t) Y3 (t) o + {VZ (t)} , (12)
+ ul(t) v (t)
U (t)]” where, {v; (t)} is the sub-controller matrix and is defined
wherex; (t), y1(1)]T € R, [xa(t), y2(t)]" € R? are the ~ as follows:
state variables anda?, ,c1,c,w and f are the vi(t) ) Kis K
parameters of the master and slave systems respectively. [vl (t)] =K {2 (t)} andK = [kll klz} (12)
p(t) = [0,u2(t)]" € R? is the control input. The 2 21 722

controller i (t) € R? is to be determined for the purpose where kj (i, j = 1,2) are the gain coefficients that adjust

of synchronizing the two identical chaotic gyro oscill&or e sirength of the feedback controller into the slave
with the same parametes, 3, ¢y, C, w and f in spite of system and to be determined.
the differences in their initial conditions.

o ) ) Proof. Using systems of Eqsl1() and (L1), the closed-
Definition 3.1. Subtracting the slave oscillator from the |oop system is given by the following:
master oscillator, yields the error dynamical system fer th
synchronization schem&)(given as follows: & (t) 0 1] e (®] . [valt)
[ez (t)] - {(B+ f sint) cosp —CJ [ez " [vz(t)}

. 0 ex(t)
{?1(?} — | (B+ fsinat) (sinxe (t) — sinxy (t)) + : _ N (13)
& (t) h(xa (t) —xo (1)) + 2 (Y3 (1) — 3 (1 —C1&2(t) Using Eq. (2), rewriting system of Eq.1(3), we get:
O —_
+ (8) 0 1
L‘Z “J [el <t>] | |(B+ fsinat)cosp —c1| {el <t>}
whereey (t) = xo (1) — xq (1), €2 (t) = y2 (1) —y1 (1) &) |:k11 k12:| e(t)
ko1 ka2 |
Lemma 3.1.1t follows from the differential mean-value
theorem that: {el (t)} _ [ 0—ki1 1—kgo ] {el (t)}
o &(t) (B + fsinwt)cosp — ka1 —C1 —Kzz| |€2(t)
% = cosp, where, € [x1, %] and(x; < X) (14)
Since,u (t) =0= v (t) =0, therefore consideringy1 =
= sinXz — SinX; = COSP (X2 — Xq) (9) ki» = 0, and rewrite system of equations4 as follows:
- - a(t) _ 0 1 e (t)
%Tlg]v%s:@' the error dynamics8) can be expressed as [éz(t)] = [(B+ f sincot) cosg — kor —Cl—kzz] {ez(t)}
- = é(t) =Me(t), (15)
0 1| |e(t
[(B+ f sinwt) cosp —CJ [ez (1) T where,
?01 (t) _ 0 0 l: 1] 0 1
& (1) h(x (1) —h(xu(t) gyi (1) -¥3(1)] |c2 M= [w + fsinct) cosp— koy —c1 — kzz] (16)
T [Hz (t) The goal is to stabilize the closed-loop systetB)(at the

(20) origin. Thus, objective 2 will be accomplished if the real
Objective 3.1. The states of the master and slave gyropart of all eigenvalues of the coefficient mathike R?<?
oscillators are globally exponentially synchronized ie th in eq. (16) are negative and hence matri € R>*?
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becomes Hurwitz. Then, the closed-loop syster) (s
globally exponentially stable. 1

Remark 3.1.It is noticed that the controller is associated
to the feedback controller gain matrik € R**? so that
the choice oK € R®*? is to make all eigenvalues of the
coefficient matrixM € R?*2 in eq. (L5) in the open left-
half of the complex plane.

For a particular choice, the linear controller gain
matrix isM € R?*?, selected as follows: Y.

0 0

K=1(B+ fsinwt)cosp+4 —c;+4|"

17)

where,A is a numerical value which is set equals to -2.

Therefore, the closed—loop systenid) is globally Fig. 1: A schematic diagram for symmetric gyro
exponentially stable. Thus, objectives 1 and 2 are
established.

3.3 Numerical simulation and discussion

Numerical results are furnished to justify the efficiency of
the proposed approach. Parameters for the chaotic gyro are, |
selected as i), i.e., —

2 [
ar = 100,[3 - 1, Cj_ - 05, C2 - 005, w = 2, f — 355 —2 j Xz(t) Without Control
with initial conditions [x1 (0), y1(0)]" = [0.5, 1] and 0 1 2 3 4 5
[x2(0), y2(0)]" = [1, 2]", respectively. All simulation Time (s)
routines are coded and executed using the software,
Mathematicd“ 10, to solve the systems of differential Fig. 2: Time series of the trajectories (t) andx, (t)

equations T) and @0) using the same parameters and
different initial conditions. The simulations results are
illustrated in Figs2to 5.
For the two identical chaotic gyros, the time histories 4 Non-identical synchronization between
of the state vectors of synchronized master and slavehaotic gyro and DHDVP oscillators
oscillators and the state trajectories of unsynchronized
master and slave oscillators are shown in Fg 3. ) )
These figures demonstrate that the states of the slavéne Doubled-Hump Duffing-Van der Pol oscillator
oscillator converge to that of the master oscillator under{PHDVP) describes periodically a self-excited oscillator
the synthesized control action 1%, while the The' DHDVP os'C|IIator ha; wide applications in
uncontrolled state trajectories are completely different€ngineering, physics, electronics and neurology etc. The
from the master state trajectories when the controller sPHDVP model has been extensively studied in the
deactivated. single-well, double-well and double-hump configuration
According to theorem 3.1 and linear controller gain [24. The normalized form of the chaotic DHDVP is

matrix (17), the two eigenvalues of the closed-loop described as follows:

system 15) are (—0.75+1.19896), which confirms that 01 ¢ 0
the closed-loop systeml®) is globally exponentially [ } {X( )} J{ ]
stable. [ t } _ |-ab] [y(t)] " [gcospt (18)
The error signals, plotted in Fig, show that the error y(®) 2 0 30 b
i i ithi X (O)y(t) x> ()] [n
signals reach to zero state in the rangé-e2.5,2] within

3.5 seconds, while the error signals irR2l] are
synchronized after 20 seconds. Thus, the time delay isvhere [x(t), y(t)]T € R? are the state variables and
almost 16.5 seconds. a,b,n,g, and¢ are the parameters of the chaotic DHDVP.
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] oscillators is described as follows:
~ (Master Gyrg
‘ xa (t)
_|_
(t)}

il = 1o %

B3l
0 o —yg(t)} |:B+ fcjinwt]
Xo (t)} B

sinxg
[—Oaé] y2(t)
[2()0 (t) C()t [b]Jr gcgsd,t}ru(t)

where[x; (t), y1(1)]" € RRand[x(t), y»(t)]" € R? are
the state varlables(a ,B.c1,¢2,w,f) and(a,b,n,¢,9)
are the parameters of the master and slave oscillators,
respectively with(a> 0,b > 0). u(t) = [0, uz (t)]" € R?
is the control input. The controlleu (t) € R® is to be
determined for the purpose of synchronizing two
non-identical chaotic gyro and DHDVP oscillators with
different parameters and initial conditions.

The error dynamical system for the synchronization
scheme19) is given as follows:

[ 0
h(x. (1))
(Slave DHDVP

i) -

.jl““ »(t) ]
ya(t) —
¥2(t) without control |
3 4 s

(19)

‘2 .
Time (s)

Fig. 3: Time series of the trajectorigg (t) andys (t)

2L ]

Sl

{ 0
h(x (1))
0

()
0

sinxy (t) y3 (t)

0

o]+ [ e )] |

|

0

0

1
B+ fsinwt| —
—Cp

0

Lo ato] o] oo+ it
(20)

Objective 4.1.The states of the two coupled oscillators
(19 are globally exponentially synchronized in the sense
that,

lim [lex (6)]] = Jim [}xa (t) ~ xa (6)] = O,
lim lea (©)] = fim [ly2 (t) v (0)]] = O,

Objective 4.2. The closed-loop Z0)
exponentially stable.

Time (s)
Fig. 4: Time series of the trajectories (t) ande; (t) of the error
system tend to zero

is globally

Theorem 4.1.The GES of master and slave oscillators
(19 is accomplished by using the following active
controller:

4.1 Problem statement

In this sub-section of the paper, the main objective is to
achieve the non-identical synchronization between the
chaotic gyro and chaotic DHDVP oscillators. The chaotic

gyro is assumed to be the master system, denoted
subscript 1, and the DHDVP is assumed to be the sIavbéILhe structure of the sub-controller matri

h&

e

-

0
) sinxq (t

0

0
) Y3 ()

S 28]

o) b

|

B+ fsinwt| +
—C2

]

is

system, denoted by the subscript 2. The master-slaveonstructed in the same way as described in sub-section
system configuration for the chaotic gyro and DHDVP 3.2.
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Proof. Using 1), rewriting the system of Eq.20), we  oscillators and the state trajectories of the unsynchezhiz

get: gyro and DHDVP oscillators are shown in Figs& 6.
SEPRC - These results demonstrate that the states of the slave
e(t)] _ { 0 1} — {kﬂ k12” [el (t)] oscillator converge to that of the master oscillator under
)] [[-ab ko1 koo] | [€2(1) the synthesized control action 21), while the

‘e t)] [ 0—ki 1—kuo] [er(t) 22) uncontrolled state trajectories are completely different
&) |—a—kab—ky| |e(t) than the master state trajectories when the controller is

) o deactivated. According to theorem 4.1 and conditions
Since,n; (t) = 0= vy (t) = 0 and by consideringg;; =
ki2 = 0, rewriting system of equation2%), we get:

e [ o 1 ] [er(t)]
&(t)] — |—a—kob—kpo) [ez(t)_ o
= é(t) = Me(t) (24)
where,
0 1
M = [—a— ko b— kzz] (25)

The coefficient matrixM € R?*? (25) of the closed-
loop system24) is Hurwitz, if the real part of eigenvalues : ]
of the coefficient matriM € R?*? is negative. Then, the _3| Xa(t) 1
closed-loop systen2@) is globally exponentially stable. I ]

According to the Lyapunov stability theory and -4t

X»(t) without control

Routh-Hurwitz criterion, all the eigenvalues of the system 0 2 4 6 8 10
matrix M € R¥*2 are negative if the following conditions Time (s)
are satisfied:
—a—kay=4 Fig. 5: Time series of the trajectorieg (t) andxz (t)
(26)
b—kop=A

where A is a numerical value which is set equal to -2.
Numerical value of the coefficients of the linear
controller gain matrix is selected as follows:

0 1
<= |l o a) @

With this choice of the controller gain matrix, the
conditions R6) are satisfied. This completes the proof.

4.2 Numerical simulation

Numerical results are furnished to justify the efficiency of
the proposed approach. The parameters for the chaotic

Yo(t) without control | ]
gyro 21 are selected as, ()} 1 2 3 4 5
a? =100 = 1,¢; = 0.5,c; = 0.05w = 2, f = 355,

6““

s i T T Time (s)
with initial conditions:[x1(0), y1(0)]" = [0.5, 1] . For
the chaotic DHDVP 24|, the parameters are set as Fig. 6: Time series of the trajectorigg (t) andys (t)
a=45b=01n=-079¢ — 0.675g — 0.079 with
initial conditions being taken as
[x2(0), y2(0)]" =[1.3, 1.4]" . (27), the two eigenvalues of the closed-loop syst&8) (

All simulation procedures are coded and executedunder the control actior2() are(—1=+1), which confirms
using the software, Mathemati®4 10 to solve the that the closed-loop syster3) is globally exponentially
systems of differential equation&9) and @0) using the  stable.
parameters and initial conditions mentioned above forthe The convergence of the error states for the
chaotic Gyro and DHDVP oscillators. The simulation non-identical synchronization is depicted in Fig.lt is
results are shown in Fig5.to 7. The time histories of the observed that the error signals reach to zero state in the
state vectors of the synchronized gyro and DHDVPrange of[—0.5,1] within 10 seconds. This result depicts
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that the investigated controllers are more robust to the 04? 2
accidental mismatches in the transmitter and receiver, i 1 ]
which is helpful in certain physical applications such as i ‘1)""“" T
marine and aeronautical sciences, etc. 0.2} | A '2 i ]
| i I TV TRTTE B
Ay ]
00l ! ‘:‘\'l‘\\\ ,"\‘_,\,--,,,,..,,..,,,1»; 23456
HHLiana ]
15« L
i -0.2 |1 1
o
? i1
1.0+ ]
L, -0.4} | I,' 1
H e B /N B I S E T S
05l O ] o 2 4 6 8 10 12 14
\\ Time (s)
t \
0.0+ \\._,/”’ _____ - ] Fig. 8: Time series of the synchronized error states for two
[ 1 identical chaotic gyros under the effect of unknown externa
-0.5" ] disturbance
o 5 10 15 20
Time (s) -
0.4} 1
h
Fig. 7: Time series of the error vectoeg (t) ande (t) 0.2 i:
T
‘l fn
0.0 1| 1 hon .
. - . HH 1.5
4.3 Synchronization stability analysisin the o2 li! 1.0 1
presence of unknown external disturbances Y 0ot
Depending upon the characteristics of external-0.4 0S8R 1
: ; : i 5 10 15 20
disturbance signals, robustness of the proposed active —_—— S s S S :
controller is investigated in the presence of unknown 0 5 10 15 20
external disturbance. For the purpose of numerical Time (s)

simulations, the following disturbance signals,

dm(t) = 0.2—0.2coq180Q) ) _ i .
) Fig. 9: Time series of the synchronized error states for two non-
ds(t) = 0.2+0.3sin(15Q) identical chaotic gyro and DHDVP oscillators under the effef
are assumed to be present in the master and slavenknown external disturbances
oscillators respectively. Here, a general disturbance is
considered that does not belong to thg(0,). This
means that the time-varying disturbance is not required to
have known bounds. ] ) )

The error signals, for two identical gyros and two non- and DHDVP oscillators have been investigated. Based on
identical gyros & DHDVP chaotic oscillators, are plotted the Lyapunov stability theory and Routh-Hurwitz
in Figs.8 10 9. The plots show that exact synchronization cfiterion and using the active control technique, a single
is achieved regardless of the effect of unknown externafontrol function is designed to synchronize two identical
disturbances. and two non-identical parametrically excited chaotic

The small control effort and time-varying nature of oscillato'rs. In thg proposed meth.od, in contrast to the
the external disturbances, in problem formulation andconventional active control techniques, the number of

to be more effective. error system for synchronization of two identical and two

non-identical chaotic oscillators. This considerably

reduces the controller complexity and synchronization
5 Conclusions cost. The proposed control strategies, synchronizing two

identical as well as two non-identical chaotic oscillators
In this paper, the synchronization problem of two are robust against the effects of unknown time-varying
identical chaotic gyros and two non-identical chaotic gyroexternal disturbances.
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Since gyros are widely employed in various [15]G. Ablay, T. Aldemir, Synchronization of different
applications in the field of engineering and other physical  chaotic systems using generalized Active control, 6th Int.
sciences, results of this research work provides vast Conference on Electrical and electronics Engineering9200

applications in navigation, aeronautics and aerospace ELECO 2009, Bursa, Turkey, 05-08 Nov, 2009.
engineering fields. [16] M. Behjameh, H. Delavari, and A. Vali, Global Finite

time Synchronization of Two Nonlinear Chaotic Gyroscope
Using High Order Sliding Mode Control, Journal of Applied
and Computational Mechanics. 1(1) (2015) 26-34.

[17] M. P. Aghababa, and H. P. Aghababa, Synchronization of
nonlinear chaotic electromechanical gyrostat systemk wit
uncertainties, Nonlinear Dyn. 67 (2012) 2689-2701.

[18] M. Fu-Hong, Generalized projective synchronization
Physical, Biological and Technological Systems.4(1) between two chaotic gyros with nonlinear damping, Chin.
(2004). Phys. B 20(10) (20_11) 1-08. _
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Applied Mechanics and Engineering. 17(1) (2012) 83-99. Gyroscope, Nonlinear Dynamics and Systems. 13(3) (2013)
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a complex nonlinear energy supply-demand system.[20] H. Chen, Chaos and chaos synchronization of a symmetric

Complexity. Doi: 10.1002/cplx.21533 (2014). gyro with linear-plus-cubic damping, Journal of Sound and

[4] O. Moskalenko, A. Koronovskii, A. Hramov, Generalized Vibration. 255 (2002) 719-740. o
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