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Abstract: Aiming at the limitations of the subjective scale method in the fatigue assessment of elderly caregivers, this study

proposes a fatigue classification method for elderly caregivers based on heart rate variability (HRV) and machine
learning. We collected 736 h of ECG data from 78 caregivers through wearable devices, used Butterworth filter-
ing and Pan-Tompkins algorithm for preprocessing, systematically extracted a total of 42 feature parameters in
the time domain, frequency domain, and nonlinear domain of HRV, and used Pearson correlation coefficient to
filter 18 key features to construct a fatigue classification model based on XGBoost. The experimental results show
that the model performance is significantly improved by feature dimensionality reduction, and the classification
accuracy is increased from 0.78 to 0.91, among which the accuracy of heavy fatigue classification reaches 0.99;
compared with the traditional models such as SVM, KNN, etc., XGBoost demonstrates the optimal nonlinear fit-
ting ability after feature streamlining. Further studies showed that the classification performance of 2 min short—
time window ECG data was optimal with an accuracy of 0.91, which was significantly better than the 4—10 min
ECG data accuracy of 0.61-0.69, respectively. This method achieves efficient and accurate monitoring of nursing
fatigue, and provides wearable smart technology support for the prevention of occupational cardiovascular and

cerebrovascular diseases and the optimization of elderly service management.
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Fig.2 Pearson correlation coefficient plot of 42 features
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Tab.2 Classification results of XGBoost with 42 features
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Tab.3 Classification results of XGBoost with 18 features
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Fig.4 Confusion matrices before and after feature dimension-
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Tab.4 Classification results of different models with 42 features

il HRES ELUES EElES F14r %
SVM 041 0.36 041 0.37
KNN 0.55 0.60 0.55 0.56
DT 0.57 0.63 0.57 0.59
LR 0.53 0.53 0.53 0.53
RF 0.74 0.74 0.74 0.73
XGBoost 0.78 0.79 0.78 0.78
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Tab.5 Classification results of different models with18 features

HERY RLES RS [EICES F1 3%
SVM 0.47 0.41 0.43 0.39
KNN 0.58 0.64 0.58 0.59
DT 0.75 0.79 0.75 0.76
IR 0.52 0.52 0.52 0.52
RF 0.83 0.84 0.83 0.83
XGBoost 0.91 091 091 0.91
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Tab.6 Classification results of HRV calculated from electro-

cardiograms of different durations
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2 0.91 0.91 0.91 0.91
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10 0.69 0.71 0.69 0.69
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