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Chaos, Uncoupled and Pragmatical Synchronization and
Anti-synchronization of Integral Order and Fractional Order

Double Duffing Systems

Student: Chien-Hao Li Advisor: Zheng-Ming Ge

ABSTRACT

Chaos in integral order and in fractional order double Duffing systems is numerically
studied by phase portraits, Poincaré ‘mapsrand-bifurcation diagrams. It is found that chaotic
behaviors exist in integral order“and in the fractional order double Duffing system with
orders 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 and 0.7 for each equation of the system. The chaos
synchronization by driving corresponding parameters of two uncoupled identical chaotic
double Duffing systems is presented. The method is named parameter excited chaos
synchronization. First, replacing two corresponding parameters of the identical systems by
the same function of chaotic state variables of a third chaotic system, the synchronization or
anti-synchronization of two uncoupled systems can be obtained. Second, by replacing two
corresponding parameters of two uncoupled identical double Duffing chaotic dynamical
systems by a white noise, a Rayleigh noise, a Rician noise or a uniform noise respectively.
Numerical simulations are illustrated for both synchronization and anti-synchronization of
which the occurrence depends significantly on initial conditions and on driving strength.
Alternative complete synchronization and anti-synchronization is also discovered.

A scheme is proposed to achieve generalized synchronization of two chaotic systems with
uncertain parameters. By the pragmatical asymptotical stability theorem using the concept of
probability, we can prove strictly that the common null solution of error dynamics and of



parameter dynamics is actually asymptotically stable. Two identical chaotic systems are in
generalized synchronization and the estimated parameters approach the uncertain values. It is
called pragmatical generalized synchronization. As numerical example, two double Duffing
chaotic systems are in generalized synchorization with a double van der Pol chaotic system

as a goal system. Finally the high robustness of the generalized synchronization is obtained.
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