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Evaluating Performance of Non-intrusive
Indicators on Drowsy Driving Detection

XU Chuan ~ WANG Xuesong ~ CHEN Xiaohong
( The Key Laboratory of Road and Traffic Engineering Ministry of Education Tongji University Shanghai 201804 China)

Abstract: To detect the drowsiness state of the driver more accurately a high-fidelity driving
simulator was adopted to collect the driving behavior and eye movement data of drivers and
questionnaires were used to collect their subjective sleepiness scales. Based on these data 23 non-—
intrusive indicators were developed. The indicators were evaluated from the aspects of their correlation
with drowsiness binary classification performance sensitivity to road alignment and individual
homogeneity; and then ranked in terms of comprehensive performance. The results show that the
percentage of eyelid closure time ( PERCLOS) has the highest correlation (0.443) with the Karolinska
sleepiness scale ( KSS). The best binary classification performance of eye movement and driving
indicators lies on PERCLOS and the lateral position standard deviation ( LPSD) . For eye movement
indicators the difference between straight line and curve is lower than 20% . When KSS is 7 all the
indicators show significant individual difference except the percentage of lane crossing time of vehicle
center. The top three non-intrusive indicators with the best comprehensive performance are PERCLOS
LPSD and the average lateral speed during lane departure.
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Tab. 1 Descriptive statistics of non-intrusive indicators
1 LP_stdev /m 0.306 0.134 0.382 0.133
2 LP_avg /m 0.214 0.269 -0.123 0.323
3 LD_Area? Al(mes) 1.627 4.207 4.055 5.843
4 LD_TArea® T/( mes) 6.129 35.383 12.284 27.850
5 LD_Frequency 0. 660 1.118 1.714 1.857
6 LD_Speed /(mes™") 0.046 0.099 0.102 0.095
7 LD_Te 0. 002 0.017 0.002 0.009
8 LD_Te 0.021 0.045 0.011 0.029
9 SW_Speed_stdev /((°) s 0.012  0.008 0.027  0.013
®
10 SW_Area_MA M/( rades) 0.440 0.257 1.115 0.535
11 SWM_Re® / 190. 485 29.522 144.983 27.979
12 SW_Range_1 0~2.5(°) /s 0.876 0.085 0.718 0.154
13 SW_Range 2 2.5~5(°) /s 0.077 0.037 0.141 0.046
14 SW_Range_3 5~7.5(°) /s 0.024 0.020 0.059 0.034
15  SW_Range 4 7.5 ~10(°) /s 0.010 0.012 0.030 0.024
16 SW_Range_5 10( °) /s 0.013 0.024 0.052 0.082
17 Speed /(kmeh™") 117.424 6.650 113. 495 7.278
18 Speed_stdev /(kmeh™") 2.866  2.860 2.568 1.924
19 Speeding T ) ( >120 km /h 0.311 0.372 0.132 0.271
20  Blink_Frequency (0 es7h 0.504 0.318 0.365 0.291
21 Blink_duration /s 0.402 0.054 0.416 0.061
22 PERCLOS 0.132 0.099 0.099 0.085
23 Pupil /mm 3.807 0.89%4 3.740 1.085
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Tab.2 Ranking of non-intrusive indicators
in terms of comprehensive performance
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