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Multi-physiological mental-fatigue detection based on the functional
near infrared spectroscopy

Zhang Zhen, Jiang Jin, Fu Jiahao, Cao Yong, Jiao Xuejun

( China Astronaut Research and Training Center, Beijing 100092 ,China)

Abstract: Mental fatigue can reduce work performance and cause safety accidents in human-machine systems. Therefore, it is important
to detect fatigue in real time. A great deal of work has focused on this problem, but there are still no standards for the physiological
index. Multi-physiological measurement becomes a trend, at the same time, the increasing complexity of instruments for multi-
physiological measurement brings challenges due to the complicacy of mental fatigue. Functional Near-Infrared Spectroscopy (fNIRS)
can measure cerebral hemoglobin and reflect cognitive function indirectly. However, cardiac and respiratory signals in the {NIRS signal
are sensitive to physiological activity, which have always been removed as interference in previous studies. To increase the information
capacity and establish a multi-physiological fatigue detection model using NIRS, this paper extracts the cardiac and respiratory features
from the fNIRS signal as new sensitive feature. A fatigue detection model is proposed based on the support vector machine (SVM) by
combining cardiac and respiratory features with common features, such as the mean value and slope. We use a verbal 2-back task for a
total of 60 minutes to induce mental fatigue. The fNIRS signals from 10 channels in the prefrontal cortex (PFC) are measured from 15
healthy subjects. The results show that the new cardiac and respiratory features are significantly sensitive to the fatigue state and increase
the classification accuracy compared with a common fatigue model based on {NIRS (84% —90% ). Our findings can detect mental
fatigue effectively and reduce the complexity of equipment significantly for multi-physiological fatigue detection.
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Fig.1 The scheme of the verbal 2-back task
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Fig.2 Channel locations of {NIRS in PFC
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Fig.3 Respiratory feature extraction
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Fig.5 Subjective scales for the 2-back before and

after fatigue task
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K6 755G 2-back Si%L
Fig.6  Performance for the 2-back before and

after fatigue task
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Table 1 Significance of features from the average channel

%k

(* means p <0.05, while indicates p <0.01)

F Sig. F Sig.
MIT 10429  <0.001°* || Slope 2.04 0.153
M2| 644 0.011* || M_HR| 16.39  <0.001"*
M31  10.24  <0.001** || T_RP|  5.09 0.02*
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Table 2 Different combinations of features
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Table 3 Classification accuracies for combined features

(On)

¥ A B C D E F

01 87.57 74.35 57.69 88.58 89.18  91.27
02 92.83 86.78 62.73 91.53 91.44  92.44
03 86.05 74.91 54.97 90.83 80.52  89.83
04 65.01 87.81 67.96 69.49 64.23 87.23
05 65.71 83.37 76.44 70.85 64.88  87.06
06 85.18 71.65 81.52 88.19 90.19  92.88
07 89.96 81.66 71.03 95.88 90.01  82.71
08 86.91 72.24 73.05 94.92 95.22  93.22
09 95.91 75.81 72.75 96.6l 100 98.37
10 87.19 81.88 61.18 88.76 89.93  96.03
11 86.35 67.15 72.75 92.27 99.96  97.96
12 84.44 82.46 57.79 89.75 91.83  89.83
13 85.57 95.8 61.18 94.8  76.57  96.27
14 77.41 88.22 60.49 84.9 72.68  85.51

15 84.57 73.13  67.96 94.49 83.18  96.18

HMH 84.04 79.81 66.63 88.79 85.32 91.78
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