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o Goal: Detect stressful situations in a population of emergency doctors by analyzing
heartbeat variation

o The idea: Extract statistically the information provided by the heart rate variation which
is intrinsically linked to the autonomic nervous system: The Parasympathetic and
orthosympathetic systems

= An imbalance in these two systems involves a frequency modulation of heart rate
Heart Rate Variability (HRV)

= Literature: A low HRV is often related to stress, fatigue and decreased physical
performances

o How to? Extract and analyze the frequency components that modulate the behavior of
the heartbeat

o Go further? Ensure that the analysis is more faster. Or even better make a quasi
real-time solutions
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Cardiologists are interested in the analysis of the time series (X(t)); in two frequency bands:

o The low Frequency (LF) band [w;,w,] = [0.04 Hz, 0.15Hz] associated with
orthosympathic system (accelerator)

o The High frequency (HF) band [w;,ws] = [0.15 Hz, 0.5Hz] linked to the
parasympathetic system (brake)

o These frequency bands are proposed by extensive research summarized by the Task force
(1996): the conclusion is that HF and LF energies are good indicators of stress

Hence the importance of extracting HF and LF energies.
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The random nature of the tasks performed by emergency doctors, suggest that X(t) may be
modeled by a local stationary process:

X(£) = () + / A2 (L, €)dW(©),

o The spectral density & — f(t, &) is even positive and piecewise constant i.e. there exist
T1, ..., Tk such that f(t, &) = f;(§) for t € [, Tiz1 [

o The function t — p(t) is also piecewise constant for eventually another partition

= The process X(t) is localized in time and frequency...
To extract the LF energy (on [wy,w,]) and the HF energy (on (w2, ws3])

The wavelet method is the most suitable
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The idea is to find two wavelets v; and ), such that :

o Wi(b) = / ¥1(t — b) X(t) dt one can calculate |W;(b)|?, the energy associated with
R
the LF band [w,w,] and localized around the instant b
o Wh(b) = / y(t — b) X(t) dt gives |Wa(b)|?, the energy associated with the HF band
R

[wa,w3] and localized around the instant b

Ideally We would have liked to choose v); as compact support filters and having a Fourier
transform with supports included in HF and LF intervals... unfortunately it is Impossible

We therefore have to choose between the compactness of the support, in the frequency domain

or time domain

The alternative is to introduce the concept of pseudo compact support....
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Let 0 < p < 1 and g € L?(R), we will say that g have a p-pseudo support / if

J,lg(v)2de
Jele(®pPde ~ "

== The idea is to choose a p-Pseudo support with p close to 1.

Let 1) a filter with a temporal support [L1, L,] and a frequency p-pseudo support [A1, As]
then for a fixed frequency band, [w1, ws], we can build a wavelet having a p-pseudo support
[wi, wo]. Itis given by :

1 (t) = eyp(At) where:

Ao+ My

W2 — w1 ot w1 W
! Ao — M

A\ =
N — N 2

— (w2 —wi)

Its temporal support is then given by:

N — A A — A
[2 1L17 2 1L2]

Wy — W Wy — W1
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In the spectral and time domain, it have the same p-pseudo support [—L, L] = [-3.5,3.5]
with p = 0.9995 and we have:

N R R 2
D(1) = &(6 — ), &(¢) = (4m0®)!/ e

We fit the wavelet 1)1 to the orthosympathic frequency domain [wy,w,] = [0.04 Hz, 0.15Hz]

and 1, to the parasympathic one [wo,ws] = [0.15 Hz, 0.5Hz].




Application to

The Gabor wavelet v is defined by:

2

0(e) = 8(0), 8(6) = e

In the spectral and time domain, it have the same p-pseudo support [—L, L] = [-3.5,3.5]
with p = 0.9995 and we have:

D(1) = 8(€ —n), £(6) = (4m0”)" e
We fit the wavelet 11 to the orthosympathic frequency domain [wy,w,] = [0.04 Hz, 0.15Hz]
and 1, to the parasympathic one [wo,ws] = [0.15 Hz, 0.5Hz].We obtain t; and 1), by

—o2¢2
2

choosing the parameters:

w1 + wo and 2L
= nd o =
n 2 ! Wy — W1
Wyt w3 and o — 2L
2= 2 27 w3z — Wy
2 L2
In addition |p pseudo Supp ¥1| = et |p pseudo Supp )| = for p = 0.9995
W2 — w1 w3 — Wr
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