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factor and long short-term memory

YAO Rong-han', XU Wen-tao', GUO Wei-wei’
(1. School of Transportation and Logistics, Dalian University of Technology, Dalian 116024, China; 2. Beijing Key
Laboratory of Urban Intelligent Traffic Control Technology, North China University of Technology, Beijing 100144,
China)

Abstract: To identify drivers’ takeover behavior and intention in an autonomous driving environment, with
the help of a driving simulator and an eye-tracking device, the simulation tests were conducted to let

drivers takeover an autonomous vehicle ten times in five emergency situations on a two-way six—lane
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freeway of 18.95 km. Using the vehicle operation and visual attention data, the three common factors were
extracted by the factor analysis, and the K-means clustering analysis was used to qualitatively identify the
drivers’ takeover behavior and intention. The factor analysis was respectively combined with the support
vector machine and the long short-term memory neural network, then the two models were obtained to
quantitatively identify drivers’' takeover behavior and intention. Research results show that: drivers'
takeover behavior is influenced by their longitudinal response, lateral response and visual attention; the
clustering analysis can qualitatively describe the takeover behavior and intention of different types of drivers
and reveal the potential driving safety risks; compared with the support vector machine, the long short-
term memory neural network and the factor and support vector machine model, the factor and long short-
term memory model is more effective in identifying drivers’ takeover intention, with the best four
performance indices of accuracy rate, recall rate, F,—score and precision rate; and the common factors
which are obtained using the factor analysis for data downscaling and effective information enrichment are
helpful to improve the classification performance of the driving takeover intention recognition model. This
study is helpful to identify drivers who are at a higher risk of takeover and to design some targeted driving
assistance strategies.

Key words: engineering of communications and transportation system; drivers’ takeover behavior and

intention; factor analysis; K—means clustering analysis; long short—term memory neural network
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Fig.1 Equipment used for takeover tests
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Fig. 2 Emergent locations and corresponding emergency situations for takeover incidents
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Table 1 Experimental results of participants taking

over an autonomous vehicle
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Fig. 4 K-means clustering results
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Table 8 Clustering results and profile values when using drivers’ takeover
longitudinal response as a clustering indicator
. B
HH REA 0 4 PR = —

FHE wME FORE
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2,3,5,6,11,12,13,14,15,18,19,21,22,23,24,25,30,32,33,35,36,37,
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39,40,41,42,43,44,48,62,63,65,66,68,70,80,82,87,90,91,92
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Table 9 Clustering results and profile values when using drivers' takeover lateral response as a clustering indicator
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Table 10 Clustering results and profile values when using drivers' takeover visual attention as a clustering indicator
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Fig. 5 Variations of turn—light status with driving
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Table 11 Confusion matrices of driving intention recognition obtained by LSTM and FA-LST models
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Table 12 Confusion matrices of driving intention recognition obtained by SVM and FA-SVM models
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Table 13 Performance indices of driving

intention recognition
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