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Currently only a small number of physiological
measures have the potential for ambulatory/infield stress detection and monitoring. Among
them especially heart rate (HR) and its variability
(HRV) are of the most preferred parameters due
to their simple, robust, permanent and noninvasive acquisition. Nevertheless researchers
still face a lot of challenges when estimating
psycho-mental strain in an ambulatory setting.
These challenges arise from the presence of
multiple confounders like measurement artifacts,
orthostatic and metabolic variances and
individual response patterns as well as
sometimes poor agreement of subjective reports
and physiological states. We introduce a fuzzymodel based approach for mental strain
estimation and validated the model output
against subjective measurements.

There were only weak linear correlations
between heart beat and subjective stress
measures when analyzing a sub-sample
(maximal correlation coefficients were 0.3 and
below). Whereas the fuzzy-model values
reached a promising accuracy (R²=0,672).

Our study confirmed research results showing a
weak linear relationship between physiological
and subjective workload-/stress-measures in the
ambulatory setting. Using a Fuzzy-logic
approach increases stress detection accuracy
significantly due to the consideration of
individuality and confounders.
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Figure 2: Multi parametric 24-hour data of an ambulatory subject

Fig. 1: Combined assessment of physiological workload
indicators, activity and subjective reports using an
ambulatory monitoring system developed at celisca.
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Fifty healthy volunteers were monitored over a
one-day period (average: 19 hours). Using a
mobile sensor system and an electronic diary
device, physiological data as well as subjective
reports were collected. Subjective measures
and heart-beat time series were combined within
a fuzzy model approach (Kumar et al. 2010).
Model was individually trained using the first
seven subjective responses of each subject. The
developed model was validated by a correlation
analysis using the “unknown” subjective
responses and the modeled psycho-mental
strain.
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Figure 3 a/b: Fuzzy-based stress-estimation of two
subjects using heartbeat-interval time series in
comparison to their subjective reports across several
hours

Barbieri, R., Matten, E. C., Alabi, A. A. & Brown, E. N.
(2005). A point-process model of human heartbeat
intervals: new definitions of heart rate and heart rate
variability. Am. J. Physiol. Heart Circ. Physiol. 288, pp.
424–435.
Fahrenberg, J. (1996). Concurrent assessment of blood
pressure, physical activity, and emotional state in
natural settings. In J. Fahrenberg & M. Myrtek (Eds.),
Ambulatory
Assessment.
Computer-Assisted
Psychological and Psychophysiological Methods in
Monitoring and Field Studies (pp. 165-187). Göttingen:
Hogrefe & Huber.
Rieger, A., Weippert, M., Neubert, S., Stoll, R. (2010):
Telemedizinische Anwendungen im mobilen Setting:
System zur Langzeiterfassung von Belastungs- und
Beanspruchungsreaktionen.
14.
Symposium
Arbeitsphysiologie für Nachwuchswissenschaftler der
Deutschen Gesellschaft für Arbeitsmedizin und
Umweltmedizin e.V. .
Kumar, M., Weippert, M., Stoll, N. & Stoll, R (2010). A
mixture of fuzzy filters applied to the analysis of
heartbeat intervals. Fuzzy Optimization and Decision
Making 9 (4) pp. 383–412, 2010.
Neubert, S., Arndt, D., Rieger, A., Weippert, M., Stoll, R.
(2010): Telemedizinisches Monitoring-System für
Anwendungen in der Arbeits- und Präventivmedizin.
Proceedings,
44.
DGBMT
Jahrestagung
3Ländertagung D-A-CH.
Thuraisingham, R. A. (2006). Preprocessing RR interval
time series for heart rate varaibility analysis and
estimates of standard deviation of RR intervals.
Computer Methods and Programs in Biomedicine 83,
78-82

7th Medical Automation & 9th Forum Life Science Automation

01.-03.12.2011 Washington D.C. / USA

