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Complexity Measures: Fractal Methods



Different Roles of HRV

• To measure physiologic aspects of autonomic 
control

• To quantify statistical features of time series
• To characterize the dynamical properties of the 

underlying control systems





Objectives

• To introduce the concept of fractals for spatial 
and temporal structures

• To introduce two simple measurements of fractal 
objects and processes

• To discuss clinical implications of fractal 
dynamics in heart rate time series



A fractal object is self-similar, i.e., small subsets of 
the object resemble (statistically) the whole. Fractal 
objects do not possess a characteristic (single) 
spatial and temporal scale

What is Fractal?



Fractals Everywhere

• Spatial structures: tree, lung, coral, …
• Temporal dynamics: weather temperature, music, 

volatility of stock prices, …
• Symbolic sequences: DNA, computer codes, …



Fractal Self-Organization:
Purkinje Cells in Cerebellum



Quantifying fractal with fractal dimension or self-
similarity parameter

How to Measure Fractals?

• Fractal dimension is more suitable to 
describe how a geometrical object fills up the 
space from small to large scales

• Self-similarity parameter can be used to 
quantify fractal processes (time series)



Example 1: Box counting method to measure 
fractal dimension



Measuring Coastline



Measuring the length of a coastline
Length = N(L) * L

N(50) = 12 N(25) = 26







Example 2: Detrended fluctuation analysis 
(DFA) to measure a self-similarity parameter 
of fractal processes
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Application to Framingham Heart 
Study
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“The fractal organization of 
human HR dynamics is 
determined by a delicate 
interplay between sympathetic 
and vagal outflow, with the 
breakdown of fractal HR 
behavior toward more random 
dynamics occurring during
coactivation of sympathetic 
and vagal outflow.”



Beyond Fractal: Multifractal Analysis





Conclusions

• Heart rate time series exhibit fractal (self-
similar) properties

• We can quantify the exponents of fractal 
scaling

• These exponents are altered in disease and 
aging


