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Outline

Cardiology: ventricular fibrillation (VF)
Time series analysis: fast Fourier transform (FFT), 
wavelet transform, and empirical mode 
decomposition (EMD) 
Simulated cardiology: a powerful and efficient 
strategy
Statistical signatures of myocardial fibrosis for VF 
patients: a link between simulated predictions and 
experimental findings



Action potential and electrocardiogram



VT and VF in electrocardiograms

Reference: Chaos, Solitons and Fractals Vol.13 (2002) 1755.



Type 1 and Type 2 VF: experimental 
results 

Wu et al., Circulation 110, 2110 (2004)



Numerical results



FFT analysis: Not real time 
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Wavelet analysis: A real time display 
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EMD analysis: A novel approach
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EMD-Hilbert Spectrum
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Experimental results for multi-armed 
spirals in cardiac tissue

Reference: PNAS, vol. 101, p15530 (2004).





Fractal correlation measure : DFAFractal correlation measure : DFA

[2] Detrended Fluctuation Analysis(DFA,QISA)
To quantify the fractal-like scaling properties of the R-R interval time series at different temporal 

scales
Scaling exponent represents the slope(α) of  regression line which related log(fluctuation) to 

log(window size)
Low exponent values : magnitude of beat-to-beat HRV is close to magnitude of long-term variability(Anti

correlation)
High exponent values : magnitude of long-term variability is substantially higher than beat-to-beat 

variability(Strong correlation)

Scaling-law exponent(β=2α-1)1)

- fractal-like signal : α = 1
- White noise : α = 0.5 (ACor : α<0.5, Cor : α>0.5)
- Brownian motion : = 1.5

DFA algorithm

1. Integrating                            

: i-th interbeat interval time series  

:  average interbeat interval   

2. Divided into boxes of equal length n

3. In each box of length n, least-squares line 
fitting 

: local trend in each box(order l)

4. Calculating
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1) N. Iyengar, C. Peng, R. Morn, A. Goldberger and L. Lipsitz, Age-related alterations in the fractal scaling of cardiac interbeat interval 
dynamics, Am. J. Physiol. 271, R1078-R1084(1996).
2) H. Shono et al., Changes in fractal structure of heart rate variability during a nap in one case, Psychiatry Clin. Neurosci. 55, 175-
176(2001)
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