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Analysis of driving fatigue EEG signals based on topological data analysis

ZHOU Feiyang” , LIU Zhengqing*, WANG Qiucheng” , YANG Zhong ™
( “ College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023 )
( ™ Deepal Automobile Technology Co. Ltd, Chongqging 400020 )
Abstract

In this paper, topological data analysis( TDA)is used to enhance the accuracy and robustness of driving fatigue

Electroencephalogram ( EEG ) signals processing and data analysis. The experiment of occupant driving fatigue is

conducted by using a driving simulator. The experimental obtained EEG data are labeled by combining the fatigue
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self-evaluation results and recorded driver’s facial video, to form a binary data set of wake-up and fatigue. The EEG
data are preprocessed by using EEGLAB, and the noises are carefully eliminated and a 0.3 ~30 Hz frequency band
is retained. The classical frequency domain characteristics o wave energy and a/3 are extracted for comparative a-
nalysis and research. Finally, the extracted features are classified by support vector machine. The results show that
the accuracy of 88.7% and the recall rate of 91.4% are obtained based on the topological characteristics of persis-
tent homology (PH ). The performance agrees well with the classical frequency domain features. The topological
features are significantly more robust to EEG artifacts, and the accuracy of 87.4% and the recall rate of 89.7% are
achieved in the EEG data which has not eliminated artifacts. The proposed TDA method for driving fatigue EEG
signals process and analysis has good anti-interference characteristics, low data processing cost, and high economy.
It is helpful for stable and efficient detection of driver fatigue state and has a great scientific-practical application
value.

Key words: fatigue driving, electroencephalogram ( EEG ) signal, topological data analysis( TDA) , persistent
homology (PH) , support vector machine( SVM)
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