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MARKOV MODEL TO DETECT ATRIAL FIBRILLATION FROM PULSE INTERALS

This section describes the details of the Markov model used to determine the likelihood of AF from
a sequence of inter-pulse-intervals (IPI). The IPI sequence is modeled as an 11-states first-order
Markov process in which each observed IPI is associated to one of 11 different possible states. This
association is done firstly by determining the ratio between the observed IPI and the average IPI in
the sequence, and secondly by classifying such ratio into 11 categories of values ranging from 0.75
to 1.25 at steps of 0.05. This corresponds to identify to which extent the observed IPI is shorter,
similar, or larger than average. In accordance with the work of Moody and Mark?, the average IPI

(IPI) was determined recursively as follows:
TPI(i) = 0.75 x TPI(i — 1) + 0.25 X IPI(i)

ECG recordings were used in a previous study? as training data to define the statistics of transition
from one state to another and derive transition probability matrixes in either presence or in absence

of AF. Assuming a sequence X of n states:

X ={x1,%2,%3, .. X} (x;in {S75, Sgo, Sgs, -+ S125})

where s indicates one of the 11-states of the model, the transition probability matrix in presence of

AF or absence of AF (not_AF) can be defined as:

D;rar = P(xj | xy, AF)



Djknot AF = P(xj | xk,TlOt_AF)

Where x; and x; are two consecutive states in the process and p; , r their relative frequency during

a certain heart rhythm R (AF or not_AF). From this we can derive the conditional probability of X

given the process R (either AF or not_AF):

n-1
P(X|R) = Hpi+1,i,R
i=1

The rhythm R that maximizes P indicates the maximum likelihood procedure for the observed
sequence of states X. As suggested by Moody and Mark?, the logarithm of the transition matrix for
not_AF was divided by that of AF and used to determine the Markov score (S;) iteratively by adding

each element in the resulting matrix according to the transitions between the n observed states X.

n-—1

S, = Z log <Pi+1,i,not_AF>
Pi+1,iAF

i=1

In our work n was kept equal to the entire length of the IPI sequence. As a final step the Markov
score was processed using a previously published averaging filter!. The resulting Markov score (Si)
tended to decrease below zero in presence of AF and such value was compared to a threshold to
make a binary decision between presence and absence of AF. The Markov model which was
designed and trained using ECG data was optimized in our study to process IPI sequences from
PPG for AF detection. Such optimization focused solely on fine-tuning the probability threshold

applied to the Markov score (Si) to identify episodes of AF.
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