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This work is devoted to calculation of higher order spectra (HOS) of ECG signals 

and comparing of results of standard spectral and statistical methods and HOS methods 

for heart rate variability (HRV) analysis. Heart rate variability (HRV) is a useful signal 

for understanding the status of the automatic nervous system. 

Standard methods in signal processing are based on second-order statistics. HOS 

are based on averages over products of three or more samples of the signal, thus 

allowing nonlinear dependencies among multiple signal samples to be evaluated. Most 

random biosignals in practice are generally non-stationary in nature with nonlinear 

interaction between harmonic components of a signal. Different ways to use nonlinear 

methods for processing of biosignals were proposed [1]-[4]. 

HOS are defined to be spectral representations of high order of cumulants of a 

random process. The 2nd order cumulant spectrum is the power spectrum, and the 3rd 

cumulant spectrum is known as the bispectrum. The bispectrum is the 2D-Fourier 

transform of the 3rd cumulant function. 

We analyzed ECG signals obtained from the MIT-BIH arrhythmia data base. 

Analyzing forms of bispectra we grouped the signals in 5 groups (fig.1). We concluded 

that results for HOS differ from results of standard methods. So, HOS analysis can be 

used as additional method for diagnostics of HRV. 

 

     
 

Fig.1 – Typical forms of bispectrum for HRV signals 
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