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Heartbeat dynamics is a complex system whose anal-
ysis becomes essential in order to detect arrhythmias
and other life-threatening conditions. To achieve a
proper analysis and characterization of it, advanced
methods based on nonlinear processing are needed. In
this context, the recent developments in the field of re-
constructible signals and multiscale information content
have led to the Microcanonical Multifractal Formalism
(MMF). This framework provides a number of signal
analysis techniques that are particularly suited to the
study of heartbeat dynamics. In particular, the anal-
ysis of electrocardiogram signals and the electrical po-
tential measured via catheters in different parts of the
human heart allows the detection of slow changing tran-
sitions. Detecting different regimes of transition between
atrial fibrillation and healthy cases could be used for early
warning and treatment of cardiac arrhythmias.
Heart rhythm is the result of a complex process of syn-

chronization between pacemaker cells and consequently
displays chaotic rate fluctuations. Under normal condi-
tions, the amplitude of these fluctuations is much smaller
than the average interval between beats, which makes
the healthy heartbeat (sinus rhythm) appear as periodic.
However, the fluctuations around this main period is not
just random noise but an structured complex dynamics.
Moreover, the characterization of these fluctuations is of
vital importance in determining if a heart is healthy or
is showing signs of transition to an arrhythmia, despite
still appearing regular.2

The human heart has a complex structure and a com-
plex electrical activity. Cardiac action potential is led
by polarization of pacemaker cells. These cells are not
homogeneous, but mainly concentrate on nodes (sinoa-
trial and atrioventricular), and the Purkinje fibers that
innervate the whole ventricular myocardium. The action
of pacemaker cells controlling heart contractions (atrial
and ventricular systole) and relaxation (diastole) in an
organized manner to ensure the optimal pumping.
Early studies of fluctuations between beats found

them to have a scale-invariant structure. Later devel-
opments based on multiresolution analysis allowed to
describe them as multifractal,2 though based solely on
numerically-evaluated Legendre spectra, i.e., correspond-
ing to a canonical formalism. The multifractal structure
observed in cardiac rates is the result of a synchroniza-
tion process in a complex hierarchical network1 made of
pacemaker cells. Therefore, a multifractal analysis of the
resulting signal reflects the manifestation of the network
topology generating it. As a consequence, the micro-
canonical approach provided by the MMF45 becomes es-
pecially suitable for the analysis of this dynamic struc-
ture. In particular, a analysis based on the singularity

exponents and the optimal wavelet3 allows a direct access
to the geometric characteristics of the multiscale behav-
ior. This methodology is known to give more accurate
estimation of the tails of the singularity spectrum and is
generally more robust on empirical data.5

Having accurate estimates is of paramount importance
to anticipate as much as possible when the dynam-
ics heartbeat starts to drift from the healthy behavior.
Given the the speed with which heart failure can be fatal
or leave irreversible sequelae, identification of the rele-
vant features has great potential to help to save lives and
improve the health of people with heart diseases.
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FIG. 1. Measures from the V1 electrode (solid) and its re-
construction (dashed) based our model. The reconstruction
shown is of very high quality, especially for the peaks, mean-
ing that we capture and characterize most of the signal.
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