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We show the development of a wideband delay engineered using the

closed-form analytic expression of a solvable chaotic oscillator. This delay

serves as a crucial component for the development of a matched filter

receiver that optimally detects chaotic waveforms in the presence of noise.

Design Advantages:
• Different from the active component designs in the past,

• All passive design, thus relatively low power consumption,

• Precise cut-off frequency and delay.

➢ Chaos is a suitable non-linear random source for engineering applications.

➢ We highlight important tools for non-linear systems.

➢ Analytic solution provides engineers with new tools (not explored so far) for 

design.

➢ Broadens the application space for solvable chaos.

Chaos is an unpredictable, noise-like behavior that generally precludes

closed-form solutions. The lack of these solutions requires engineers to use

empirical characterizations in lieu of theory to guide designs. Recently,

simple optimal detection hardware has been identified for a special class of

solvable chaotic systems [1]. One primary advantage to solvable chaos when

compared to most chaotic systems is the use of theoretical expressions that

guide designs [2] [3]. Here, we use the analytic spectral expression for

second order solvable chaotic waveforms to develop a wideband filter delay

in support of a matched filter receiver.
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Figure 1. a) Phase portrait showing the chaotic attractor for a solvable chaotic

system. b) SPICE time-series simulation of chaotic system. c) Return map for

solvable chaotic system.

Figure 2. Function block diagram of a matched filter for chaos with exploded

view of a 7th order Bessel filter delay cell.

Figure 3. Top) Basis function for solvable chaos. Bottom) Fourier transform of the

basis function which allows for analytic filter design.

Figure 4. Left) Frequency domain plot showing the theoretical frequency content

of a solvable chaotic oscillator and delay bandwidths engineered to keep increasing

frequency content. Right) Corresponding time-series data.


