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Synopsis:

In recent years, fractional order signal processing (FOSP) is becoming an active research

area, due to the demand on analysis of long-range dependence/ self-similarity in time series,

such as financial data, communications networks data and biocorrosion noise. We will show

that FOSP is essentially based on the idea of fractional order calculus (FOC).

Fractional order calculus is a generalization of the differential and integral operators. It is

the root of the fractional systems described by fractional order differential equations. The

simplest fractional order dynamic systems include the fractional order integrators and

fractional order differentiators. The autoregressive fractional integrated moving average

(ARFIMA) model is a typical fractional order system. It is a generalization of autoregressive

moving average (ARMA) model. The traditional models can only capture short-range

dependence; for example, Poisson processes, Markov processes, autoregressive (AR), moving

average (MA), autoregressive moving average (ARMA) and autoregressive integrated moving

average (ARIMA) processes. For time series which possesses long-range dependence,

ARFIMA models give a good fit. In LRD (long range dependent) processes, there is a strong

coupling between values at different times. This indicates that the decay of the

autocorrelation function is hyperbolic and decays slower than exponential decay, and that

the area under the function curve is infinite. We can also say that their autocorrelation

functions are power-law distributed. 1/f noise is a signal that possesses long-range

dependence. The power or square of some variable associated with the random process,

measured in a narrow bandwidth, is roughly proportional to reciprocal frequency. We will

illustrate that the 1/f noise could be the output of a fractional order system with input of

white noise. The degree of LRD in time series is analyzed by estimating their Hurst

parameter. Fractional Fourier transform based estimator has been proved by this research to

have a better performance than the other existing estimators for many time series including

fractional Gaussian noise, biocorrosion processes data and Great Salt Lake

water-surface-elevation data. According to the concept of fractional Fourier transform, some

other fractional Linear transforms have been developed in the literature such as fractional

Hartley transform, fractional Sine transform and fractional Cosine transform. A brief

explanation of fractals and fractional splines is presented. Finally, a concise introduction to

fractional lower order moments (FLOM) or fractional lower order statistics (FLOS) and

fractional delay is presented to make the FOSP techniques more inclusive. The purpose of

this lecture is to present a brief overview of various fractional order signal processing

techniques. Meanwhile, through examples, we will show that in real world applications, we

need to use FOSP techniques. As we pursue higher performance in the competitive world, we

feel an urgency in applying FOSP techniques.
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