Pure Mathematics ELiR#7#, 2023, 13(5), 1298-1314 Hans Xl
Published Online May 2023 in Hans. https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2023.135133

g

Fe

ETHHE M BE S SRR 75 AN

KE®, 5 R, RéTA
BT, ARSI TRE SR, B

ks HiH: 20234F4H14H; FHHEM: 202345 H18H; kA HM: 20234F5425H

-4

5

H E

BT EGTEMEFBCEHEHMERRRE. Ft, SR SN, ASCHRH—FMET 2 M % BBR
FHRNTTE. T HRERFRUBARRIEEN T Saiillae /A 255 m R H T AR RS0t R,

IR L. REBRREAFEENR . AXKNEZETIEWT: 1) RAZETRetina FaceH
ERNBAS TN 4, FRAERE T RERHEHARESHENAREGRIEAGREE, FRANRE
WA RIE, Bk TAEANRREIEN T ARLESEREHIER R 2) ASCNEEERIRAR. BT
PARCKEBES R, RTHEMENTE, SaomEBRKNBETRE. ARGFERL T8RRI,

RIRTT CAIE R A Y 2 5 BRSNS, RAE— AL, thoh, FEPERCLOSERAEN], R TH
FT—Eb F ARSI, EREN T ER R RRS TR . SSBERRY, FRAARN
W5k, BEBLIMBRERKIEAE RG], HETREIRZ DR AR TR 55 Bk B 23 ik 2 T
97.1%M97.5%, IRYELERSTI B DT KNS L E] T 88.1%, AEHEFEHIAT 7KE )62 ms.
%;J;ﬂ%?i%?ﬂﬁ%ﬂ%%}ﬁmﬂﬁ%%ﬁ&? A0 W FEERE R R R KRR T, R T4
AALIE S -

XA
EFW, EHFEWANW, AKKW, PERCLOS, BRIRZE, HWIHRE, LBMRE, MEME

Research on Fatigue Driving Detection
Method Based on Neural Network

Yurong Zhang, Kun Gu, Xuanxiong Zhang

School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai

Received: Apr. 14", 2023; accepted: May 18", 2023; published: May 25", 2023
Abstract

Fatigue driving is an important cause of traffic accidents. Therefore, for fatigue driving detection,
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this paper puts forward a fatigue detection technology based on deep learning, and puts forward
corresponding improvement strategies for the problems of low detection accuracy and poor real-time
performance of traditional fatigue detection technology, which is of great significance to prevent
fatigue driving and improve driving safety. The main work of this paper is as follows: 1) The face
detection network based on Retina Face algorithm is adopted, and a large number of face images
with partial occlusion and large posture deflection are collected as training samples, which makes
the face detection model more flexible and solves the shortcoming that the traditional face detec-
tion algorithm requires too strict face posture. 2) Based on the attitude of the driver’s eyes, mouth
and head, this paper comprehensively analyzes the driver’s fatigue state based on the method of
neural network. When a certain index of the system fails, the fatigue state of the driver can still be
detected normally, which has a high enough fault tolerance rate. In addition, a fatigue judgment
method based on a certain time period is proposed by referring to PERCLOS, which makes the
system more accurate for driver fatigue prediction. The experimental results show that the me-
thod proposed in this paper can realize the location and recognition of multi-feature points, and
the accuracy of fatigue prediction base on the eye state and mouth state is 97.1% and 97.5% re-
spectively. The accuracy of fatigue prediction base on the head state is 88.1%, and the processing
speed of each image is 62 ms. Compared with the traditional fatigue detection methods of only de-
tecting eye state, the algorithm proposed in this paper improves the comprehensive detection ca-
pability, based on sufficient accuracy and efficiency.
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Figure 1. System framework
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Figure 2. The specific process of face detection network
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Figure 3. lllustration of the closed-eye network model
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Figure 5. Schematic diagram of P80 blinking process
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Figure 6. Eye fatigue detection process
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Table 2. Camera internal parameter matrix K and distortion coefficient D
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Figure 9. The state of the eye in the current frame
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Figure 10. Detecting fatigue based on eye condition
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Figure 11. Eye closure rate for all images in the current queue
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Figure 12. The state of the mouth in the current frame
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Figure 13. Detects fatigue based on mouth status
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score
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Figure 14. Mouth opening rate of all images in the
current queue
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Figure 15. Head state for the current frame
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Figure 16. Detects fatigue based on the state of the head
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pitch angle=17.9356
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Figure 17. Head pose detection results for the current
frame
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Table 3. Accuracy of eye, mouth, and head pose prediction
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Table 4. Accuracy of predicting fatigue scenarios by eye, mouth, and head posture
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Table 5. Average time for each stage of a fatigue detection system
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