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Anticipating chaotic synchronization

Prediction of chaotic dynamics — Voss (2000)

r(t) =f(r,(t)). a drive system without delay
f(t) = F(r, (1))~ KIr, (t =) - r, ()]

I = (Xl’ Y1, 21)’ I, = (X2’ Yo, 22)

K — constant coupling matrix

T | time-delay = anticipation time




Stability
Anticipating manifold

r,(t)=r(t+7)

IS stable only for some definite values
of a time-delay and a coupling matrix

7 K




Problem

Different coupling schemes were proposed
to Increase a prediction time

An Investigation of the anticipating
manifold stability encounters difficulties

Time-delay terms

l

he anticipating manifold is defined by the
Infinite number of Lyapunov exponents

Phys. Rev. E 78, 046217 (2008), Phil. Trans. R. Soc. A 368, 305 (2010) .




Aim

To simplify
an investigation of the stability
of the anticipating manifold for
chaotic systems




Solution

r1(t) =t (rl (t))’
i, (t) =f(r, (t))— K[r,(t—7) —r,(t)...]

Act-and-wait control @

K(O[X, (t—7) — X, (t)..]

The anticipating manifold will be defined by
the finite number of Lyapunov exponents!




Act-and-wait control concept

F (t) =F(r (t))-k(t)F(t—z.)

Feedback loop is switched on and off
periodically

k| T, >T, | k() =k, |
k(t) =0

wait time 7, | acttime 7,

. Insperger (2006)




Two coupling schemes
k(’[) =0, wait time

kO act time

Coupling strength:

ry(t) =F(r,. (1)), 1)
r,(t) = f(rz (t))_ K(t)F | o
0, S
1. Spiral approximate coupling F

2. Parabolic approximate coupling |[FP




Spiral approximate coupling
r,=7+60, k(t)=0| T=t,-t=2¢

r.=7—0, Kk(t)=Kk, O<rt
F* =X, (t-7)- X (t) +a, [X,(t-7-6)-x (t-06)]

S
A weight coefficient 8, ?
for the stable anticipating manifold

r,(t)=r(t+7)

() =F(r, (1), i, (t) = F(r, (t))— k(t) F° (t) U .




Monodromy matrix

Variation equations for a deviation

or(t)=r,(t)—r,(t+7)
|

or;, =Mor,

J




Spiral model

The Rossler system
f(r)=[-y—z,x+ay,b+z(x—c)],r=(x,v,2)
a=0.15b=0.2,c=10 l z=0
Spiral

A\ T(=[-y.x+aylr=(x,y)
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Spiral approximate coupling

X*(t) = X, + Ae’'cos(at + ¢@,)

X(t) =h, +bX(t-7)

b x(t-7-6)

F* = Xz(t_f)_xl(t) "'ais [XZ('[—T—H)—Xl(t—é’)]

s €7 sin(wr)
e’ sin(wr )

d

T, =T7+0

F (0) =F(r (1), K (0 =F(r (1) — k(O F* () -



Two spirals
Floquet exponent
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Two spirals: anticipation
r=3,60=01 k,=042
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Parabolic approximate coupling
r,=7+6, k(t)=0
T =t

r.=7—6, k()=Kk, "
R :Xz(t—z')—Xl('[)+a1p[X2('[—T—¢9)—X1('[—6’)]
+a, [X,(t-7-012)-x,(t-0/2)]

Weight coefficients 611IO ? azp ?

t—22'

for the stable anticipating manifold r,(t)=r(t+7)

r1(t) =t (rl (t))1 r, ()=t (rz (t))_ k(t)F ¥ (t) «



Welght coefficients
xP(t) = A+ Bt +Ct?

",
X(t) =D, +bX(t—7)Hx(t-7-0) +ox(t -7 _E)
P _ (27 + 6) QP 4z'z'w
370 +2r° +0° > 30+202+ 6

FP =% (t=7) =% () +& [%,(t-7-0) - x,(t-0)]
ral[x,(t-r—-012)—x (t-012)]
f-1(1:) =f (rl (t))’ r, (t) = f(rz (t))_ k(t)F ¥ (t)



The Rossler systems
Spiral approximate coupling

(1)1 )43 Tt -r-0)-x t-0)]
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Spiral systems

Minimum —
optimal control strength |
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k, =0.42 &
i, (t) =F(r (), F, (t) = F(r, (t))— k() F> (t):



The Rossler systems
Spiral approximate coupling
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The Rossler systems
Parabolic approximate coupling
FP=x(t-1) ()
+a' P t-r-0)-x(-0)] o
+a, [x(t-1-012)-x(t-0/2)] |
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The Rossler systems
Parabolic approximate coupling
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The Rossler systems

Anticipating time

’ T
D 0.9

6.3

Act-and-wait control

Coupling
r =2.3 parabolic

r=3 spiral

Phys. Rev. E 78, 046217 (2008), Phil. Trans. R. Soc. A 368, 305 (2010) »



The Chua systems
Spiral approximate coupling
F =X, (t-7) = %(t) +als X, (t-7-0)-x(t-0)]
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The Chua systems

Spiral approximate coupling
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The Chua systems

Parabolic approximate coupling
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The Lorenz systems
Spiral approximate coupling
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The Lorenz systems
Parabolic approximate coupling
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Conclusions

The phenomenon of anticipating synchronization
under an act-and-wait control has been analyzed
analytically as well numerically in unidirectionally
coupled chaotic systems.

Two coupling schemes with additional time-delays
were proposed.

The proposed algorithm works well for chaotic
systems and provides a long-term anticipation even
when a single input of a drive and a single output for
a response system are used.
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