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Stress is a physiological response to the mental, emotional, or physical
challenges that we encounter. Long-term exposure to stress causes a variety of
health problems on mental and physical states. Many studies have been carried
out in order to detect and quantify the level of mental stress by means of
different physiological signals. From the physiological point of view stress
promptly affects brain and cardiac functions, therefore, stress can be assessed
by analyzing the brain and heart related signals more efficiently. In this study,
signals produced by functional Near-Infrared Spectroscopy (fNIRS) of the brain
together with the Heart Rate Variability (HRV) are employed to assess the stress
induced by the Montreal Imaging Stress Task (MIST). Two different versions of
the HRV are used in this study. The first one is the commonly used HRV
derived from the electrocardiogram (ECG) and is considered as the reference
HRV (RHRV). The other is the HRV which is computed from the fNIRS signal
(EHRV). In the first step of this study, an algorithm for EHRV extraction is
introduced based on a combination of peak detection algorithms including
AMPD, MYD, and S Function. As validation, the introduced algorithm is
applied to the simulated and in vivo signals. The percentage of Spearman linear
correlation between EHRV and RHRV extracted from simulated and in vivo
fNIRS signals were obtained 4¢.1A7. and 4Y.Yo/. respectively. In the second step,
the measured signals were then used for stress classification. A PCA/SVM
based classifier is developed and applied to the three measurements of fNIRS,
EHRV, and RHRV from \+ volunteers and a classification accuracy of VAA/,
4¢.1/, and .Y/ were obtained for the three measurements respectively. A
quality analysis of EHRV has been followed in the third step of this study in
order to find the cause of difference between EHRV and RHRV in stress
classification. In this regard, Having applied ICA algorithm to the EHRV
signals and then removing the independent components have the greatest
correlation with their reference HRV (), the signals were reconstructed. The
mean maximum Spearman linear correlation between signals and their
corresponding fNIRS signals was obtained ovYy/. In addition, signals were
classified using the SVM classifier with an accuracy of av.. + .4 percent. The
results show that the EHRV signal is a combination of heart and brain responses
which are physiologically integrated. Hence it can provide an efficient real-time

detection and classification of stress. EHRV signal besides the stress assessment
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can be employed for other applications in which the brain and heart are

affected



