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Abstract. The Discrete Fourier Transform (DFT) is used ubiquitously for biomedical applications to analyze signal and image frequency content. The Wiener–Khinchin theorem states that spectral decomposition of the autocorrelation function is equivalent to the power spectrum of the process. The Fourier method models the autocorrelation function using a general basis consisting of sinusoids. We have developed a discrete novel transform (DNT) which models the autocorrelation function by averaging at lags. The DNT basis functions consist of ensemble means of signal segments having a window length w, which are computed throughout the frequency range of interest, with frequency f = rate / w. The DNT basis functions are data-driven and represent the morphologic features of the signal with respect to frequency f, or equivalently, to periodicity w. The data-driven basis can be useful to reconstruct complicated signals such as fractionated electrograms to any particular level of accuracy, with reduced number of basis functions as compared with Fourier analysis. For spectral analysis, the DFT frequency resolution is proportional to rate / time interval, while for DNT it is proportional to rate / period2. Thus frequency resolution is maintained for DNT even with short analysis windows. Using 8 second analysis intervals, standard for electrocardiologic data, the average frequency resolution of fractionated electrograms with white noise added is 0.29Hz for DFT versus 0.16Hz for DNT. Thus on the average, DNT frequency resolution is about double that of DFT. It was also found that while DFT is accurate to detect the frequency of signal components only to a time resolution of 2 seconds, NSE achieves the same or better accuracy even at a time resolution of 0.5 seconds. Thus use of DFT and DNT in tandem for power spectral analysis can be assistive to evaluate biomedical signals more objectively and accurately, which may lead to improved clinical outcome. The most recent application of the novel transform is to real-time analysis. The DFT must be recalculated during each time epoch or sliding window for which frequency information is desired when real-time computation is done. However the DNT can be recalculated using the prior information contained in the ensemble means, such that update of the spectral estimate for each incoming sample point can be done computationally with a few multiplication operations, rather than requiring N log N operations as for the DFT. This drastically improved efficiency can be useful for real-time analysis of multichannel data and for sample-by-sample spectral update even with limited computational power. When more substantial computation power is available, even thousands of multichannels could be spectrally analyzed sample-by-sample in real time. The transform can also be applied to biomedical image data.
