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Driver Drowsiness Detection Based on Non-intrusive Metrics
Considering Individual Difference
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Abstract: Aimed at the problem of detection inaccuracy for drowsy driving due to neglect of
individual difference in current detection methods, a drowsy driving detection model considering
individual difference was built to accommodate the difference of drivers in driving behavior and
physiological feature. The drowsy driving simulation experiment was carried out for participants
after having worked for 8 hours in night shift by driving simulator with high fidelity. Data of each
driver were collected and 19 driving behavior indicators and 4 eye movement indicators were
extracted. In the experiment process, subjective enquiry method was adopted to obtain the
information about drowsiness degree of driver. On this basis, a multilevel ordered Logit (MOL)
model considering individual difference, an ordered Logit (OL) model without considering

individual difference and an artificial neural network (ANN) model were established to evaluate
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drowsiness degree. The results show that among 23 variables, four variables including percentage

of eyelid closure time, average pupil diameter, standard deviation of lane departure and reversal

rate of steering wheel are most important. MOL model has the highest drowsiness detection

accuracy, which indicates that consideration of individual differences helps to improve the

detection accuracy for drowsiness.

Key words: traffic engineering; drowsiness detection; multilevel ordered logit model; non-intru-

sive metric; eye movement; driving behavior; driving simulator
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General Profile for Driving Simulator
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Tab.1 Metrics for Driving Behavior and Eye Feature
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LD Area LB 2 H AL/ (m » ) 1. 627 4,207
LD_TArea 0 2R IS (] i AN A ARk i =S TR/ (moe ) 6.129 35. 383
LD_Frequency A e B R R 0. 660 1.118
LD Speed 2R I [a) R ) S/ (moe s D) 0. 046 0.099
LD_Te ZE 4 vp O BRI [ LA 0. 002 0.017
LD_Te 0 R 2 1 [R) 3] 0.021 0. 045
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SWM_Re LA e By o) 48 S R 190. 485 29.522
SW_Range_1 T BT 0~2.5C°) « s~ I i 1 4 0.876 0. 085
SW_Range_2 J5 1) B AR RE g 2. 5~5C°) « s LR B ) 0.077 0.037
SW_Range 3 Jr 1) B E N 5~7.5C°) « s~ VI [R] HE B 0.024 0.020
SW_Range_4 J7 1] 45 Ff T EE R 7. 5~10C°) « s~ I A] B 0.010 0.012
SW_Range 5 77 1] 43 A KT 1007 « s Ry a] Ho 4] 0.013 0.024
Speed SR/ (km » h™1) 117. 424 6. 650
Speed_stdev WERREZ/(km» h™ 1) 2.866 2. 860
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Tab.2 Estimated Results for Parameters of MOL and OL Models
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Tab.3 Accuracy Analysis for Models %
OB | g | Ll e | S
1 2 3 RS B
1 67.90 | 31.00 1.20 | 67.90
il 24 2 22.80 | 68.90 | 8.30 | 68.90 | 68.40
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FEARY 1 64.17 | 30.28 | 5.56 | 64.17
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3 5.00 | 29.68 | 65.32 | 65.32
1 59.52 | 39.29 | 1.19 | 59.52
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OL 3 3.70 | 43.52 | 52.78 | 52.78
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