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Abstract

Detecting and controlling stress levels in drivers is especially important to reduce the potential risks
while driving. Accordingly, in this study, a detection system was presented to identify four levels of
stress (low, neutral, high and very high) in drivers based on physiological signals. The proposed
method used the drivedb database, which includes the recording of physiological signals from 17
healthy volunteers while driving on specific routes on city streets and highways. A set of statistical and
entropy features along with morphological features that were calculated only for the ECG signals,
were used. The calculated features were applied as inputs to the classification units to detect stress
levels. Support vector machine (SVM), k nearest neighbors (KNN) and decision tree (DT) were
evaluated as classification methods. The main purpose of this study was to improve the accuracy of
stress level detection using the idea of classifiers fusion. To achieve this goal, the combination of
individual classification units, each of which used only the features of one of the ECG, EMG and GSR
signals, was performed by the Demster-Shafer method. Using genetic algorithm as feature selection
method, SVM classifier and Dempster-Shafer fusion strategy, the best stress detection accuracy of
96.9% was obtained. While the highest detection accuracy among individual classifiers was 75% and
obtained by a subsystem that used ECG features. The results show significant performance of the
proposed method compared to previous studies that used the same dataset.
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for one person [3].
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Table (1): Driving events and stress ratings in each situation [10]
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Table (2): Features used for the signals in the design of stress detection system.
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Figure (2): Block diagram of the proposed structure for the stress detection system using Dempster-Shafer fusion method
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Table (3): Accuracy of stress level detection using three different classifiers for ECG, EMG and GSR using all signal features
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Table (4): Accuracy of stress level detection using three different classifiers for ECG, EMG and GSR after selecting the effective features of
the signals
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Table (5): Accuracy of stress levels detection using the proposed fusion structures.
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Table (6): Comparison of the results of stress detection systems in previous studies and the proposed method in the present study
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. Heart Rate

. Galvanic Skin response

. Electromyogram

. Electroencephalogram

. Electrocardiogram

. Stress detection and alleviation system
. International Affective Pictures System
. Principle component analysis

. Support vector machine

10. K nearest neighbors

11. Machine learning

12. Montreal imaging stress task

13. Photo plethysmography

14. Heart rate variability

15. Analysis of variance

16. Sequential floating forward selection
17. Linear discriminant analysis

18. Electro dermal activity

19. Leave one out

20. Positive affect

21. Negative affect

22. Respiration

23. Morphological

24. Decision tree

25. Dempster shafer

26. Skewness

27. Kurtosis

28. Maximum minimum distance

29. Log root sum of sequential variations
30. Root Mean Square of the successive differences
31. Belief

32. Plausibility

33. Radial basis function

34. Quadratic

35. Coarse

36. Accuracy

37. Sensitivity

38. Specificity
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