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Approach: Heart Dynamics as a Complex System

% Singularity analysis:
Xy
s Preserves physical principles of the signal

Takes advantage of known symmetries

Model-agnostic signal processing




E Singularity exponent of a signal

E Singularity exponent h(x) degree of singularity / regularity of signal s around point x

|
-

Hg[W,(x)] ~ rdimXx) +h(x) dug ~ [| Vs|| dx

U is a measure defined from gradient modulus and W, =W ( x/ r) is a wavelet kernel
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Ocean Circulation

Singularity and local predictability:
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Singularity exponents — validation

Validated for :

ECGs
Endocardial catheter (potential time series)

Electrocardiographic potential maps

Ms [ Lpr ()] ~ rdlm(X) + h(X)



g Singularity exponent epicardial maps
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! Signal well reconstructed from most singular manifold
M= (if/f2)F(Vss )
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Signal well reconstructed from most singular manifold

Fast dynamics: MSM orientation, 3-states no memory (Markov)
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P(oo) = (P(0ec(t) = 00)), = (P(00.07)), | =

P(o3|00) = > P(os]o) P(oloo)

eigenvalues of transition matrix discriminate AF in both ECG and
endocardial (Pont et al. CinC 2011)




g Signal well reconstructed from most singular manifold

Fast dynamics: MSM orientation, 3-states no memory (Markov)

Slow dynamics: modulation over the reduced MSM-orientation
<oy reconstruction

'~ Original
| Reduced
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Source field, slow dynamics
SFH(x) = dus/du, 4000
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Radon-Nikodym dervative between original signal and reduced signal diff measures







YOOURE TRYING TO PREDICT THE BEHAVIOR
OF <corPucaicn SWaiim>? JUST MODEL
ITAS A <SHPLE OFTECTS AND THEN ADD
SOME. SECONDARY TERMS To ACCOUNT FROR
<COMPLICATIONS I JUST THOUGHT OF 2

\

ERASY, RGHT?
}

S0, WHY DOES <10z FiELD > NEED
A WHOLE. JOURNAL, ANYWAY?
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