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Research on Fatigue Driving Detection Algorithm Based on Fuzzy Comprehensive Evaluation

PAN Zhi-Geng', LIU Rong-Fei', ZHNAG Ming-Min®

!(Digital Media & Human-Computer Interaction Research Center, Hangzhou Normal University, Hangzhou 311121, China)
%(College of Computer Science and Technology, Zhejiang University, Hangzhou 310007, China)

Abstract: Fatigue driving is one of the main causes of traffic accidents. It is important social significance to accurately and effectively
detect and prevent the drivers' fatigue driving. Based on the research and comparison of previous work, this study designs a driver fatigue
detection mechanism based on machine vision and image processing. First, the continuous frame image (video) is used to perform face
detection using AdaBoost algorithm, and the approximate human eye area is segmented according to the distribution features of the human
face “three courts and five holes”. In the process of human eye positioning, the OSTU threshold segmentation, nonlinear point operations,
and integral projections are used to eliminate eyebrows, and three influence factors, namely the fuzzy comprehensive evaluation algorithm
for the ratio of the length to the width of the rectangular area of the eye, fitting the area of the ellipse, and the proportion of pupil melanin
are analyzed to determine the open or closed state of the eye. Finally, according to the PERCLOS principle, the fatigue state of the driver
is detected. The experimental results show that the proposed algorithm can accurately distinguish the open or closed state of the eyes, thus
detect the driver’s fatigue state with higher accuracy and practicability.
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Fig.1 Fatigue detection algorithm flow chart
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Fig.2 Face detection effect image
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Fig.3 Pre-processing effect map
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Fig.6 Edge detection results and eye aspect ratio R=H/W, where Re(0,+0)
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Fig.8 Changes of pupil melanin in different states of the human eye
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Fig.9 The relationship between the weight of each evaluation factor and the discriminant accuracy
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Fig.10 Fatigue test result image
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Table 2 Accuracy test of fuzzy comprehensive evaluation algorithm

2 BRSPS AR R

LI BSNE IE B g I FMHER 2 (%)
a 200 194 0 6 97
b 200 186 10 4 93
c 200 191 6 3 95.5
d 200 188 4 9 94
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Table 3 Robustness evaluation of fuzzy comprehensive evaluation algorithm
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HRA IR 45 200 72 72 100
K R B 200 127 136 92.6
W6 7S S R 45 200 16 18 94.4
TR IR e 200 44 49 89.7

Table 4 Comparison of eye state detection rate (%)
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XHk[12] 97.54 92.31 93.62 87.67
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AL 100 95.54 97.23 90.32
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Fig.11 Statistics on the frequency of eye closure in one cycle of 4 testers
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Table 5 Fatigue driving test table
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WAAA G R WEMRAE  PERCLOS I KIUERE  SkhRRE

A 900 450 0.5 I 57 I 57
B 900 122 0.14 EH EH
C 900 102 0.11 EH IE®
D 900 517 0.57 I 57 I 57
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Table 6 Algorithm time consumption analysis table
6 FLVES YL FERT [A] 2 R
MBS AR/ ANREA(ms/H)  IREPRES s/ IR (ms/D)  BFEIN (ms/f)

1 9.7 9.3 10.7 3.1 32.8
2 9.8 8.8 10.1 3.8 325
3 9.9 8.8 10.8 3.6 33.1
4 9.4 9.2 11.2 33 333
5 9.3 8.7 10.4 4.2 32.6
F5 9.6 8.9 10.7 3.6 32.8
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B 25 PRAY SR 0T BRI 07 B PEDIR 25 EAT 20, A8t vEE B 0 87, 32 /= 7 PERCLOS 550 RO HERF 1k 5 7T SE % A5
BT LA BE T 15, 08 S St P15 (video) 3 AT b B8 S 17 15 25 T 07 1) B Ok B e, S It 1 A AR, BT L
(Fr S FIAE 10 HLAS AP BEALEE 30 Mt B8, 306 /2 17 AR 0 IR S I 1R 25K 3 P 1 48 R 228 B A 0 0F 288 360 BhR 2 11 e
S

[F) i A1 AT PAFE 3, A SCHR H () 509 M A — A T [ e ) AL, e T R A B A R R R A R A D 9
53 (R A W4 A, 224 2 B0 5 A R I, R B Lt 56 e A SRS 80, B I SR i 5 A AR T T, BRATT I R
FTUG IR S 0 PR 5 A1 S 0 24 343 5 IR 30 285 B8 kSR AT 22 9 55 R AL 2% & ) AR 5 T WL AL F40 98 57 25 A I 7
T, A AR A ) B 2 30 7 B 3 22 (D0 R B9 R gt e S s TR ) .
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