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Real-time driver fatigue detection based on morphology infrared

features and deep learning
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Abstract: Fatigue driving is the main cause or reason for traffic accidents, which has a huge influence on
social safety. Considering the fact that light change and glasses could significantly increase the difficulty
to monitor human eyes, fatigue detection was still an unsolved problem. A new driver fatigue method
based on morphology infrared features and deep learning were proposed. Using 850 nm infrared light
source, the facial image was obtained. Human faces and landmarks which indicated the area of eyes were
located by Convolution Neural Network (CNN) with morphology features in infrared image. In the next
step, a filter module which measured head displacement was added, aiming at reducing the impact of
posture change. In the following, the collected facial states were transformed into sequential data. Finally,
the sequential data was passed to the Long Short Term Memory (LSTM) network to detect fatigue state
by analyzing the sequential correlations. Experimental results show that the accuracy of the fatigue
detection algorithm can reach 94.48% with an average detection time of 65.64 ms.
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Fig.9 Data samples under different lighting conditions
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Tab.1 Data samples of driver fatigue detection

No. Model Speed/fps Size/in  Number/frame
1 Myopia mirror 27 640x480 18 200
2 Sunglasses 27 640x480 17 540
3 Polarizer 27 640x480 14 590
4 No glasses 27 640x480 16 780

454 CNN Ao I 25 S A7 8 20 o 2% 1 58 i TR 1
X 4k (ROI location) 72 v , 2% J WL 3% 2, # 4% 22 X (17)
AR 28 S 2051 AR rh 500k 04~ 2 5 07 1 1 5 nl
15 98.16% , 15 KA 45 Hh AN [7] 5l IR 08 491 &0 T A7 5L
e B E DL BE T o

BJE i TR MRS e 22 5 | SEPRiT 3t
Tob R I A R B LA R AN [ I 22 2 B O3ORE X T 2L A
JCIRAE RS 7 A B OGO BE, BRI DX 8l 7 17 7 1 o

%* 2 REEROI B4R
Tab.2 Result of eyes ROI location

Model Data set D,/frame Accuracy
Myopia mirror TJPU-FDIR 6240 98.43%
Sunglasses TJPU-FDIR 6536 97.11%
Polarizer TIPU-FDIR 5808 97.38%
No glasses TIPU-FDIR 6968 99.71%
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Tab.3 Result of fatigue detection

Model Data set D,/frame Accuracy
Myopia mirror TIJPU-FDIR 6 240 95.57%
Sunglasses TJPU-FDIR 65360 92.16%
Polarizer TIPU-FDIR 5808 93.36%
No glasses TIJPU-FDIR 6968 96.81%

SRR, SO A A R ARG I o A R A DA I O
[ 2% R B 57 AR 2S5 e I B b A R 3z Al e
TR BA MGG AH RS G R 2 ENSS
SRR, MR I DX E 57 B 1% X AR AR T 9 A I 4 2R
B T 1

FA N HEERG B, Wik e R
(clip) & 11 28 782 Wi iy X , M 45 2R Wow | 5 T IR
JBE 27 > BRI 97 A I 3 (9 F- B4 4G I 8] 4 65.64 ms
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Tab.4 Result of algorithm speed test

Clip FSD-CNN DF-LSTM  Total /frame -
number D,/trame /frame-ms™  /frame - ms™ ms™!

1 5967 41.52 20.12 61.64

2 4104 48.31 20.12 68.43

3 5994 46.93 20.01 67.04

4 3807 45.61 20.11 65.72

5 4212 42.29 20.13 62.42

6 4 698 48.40 20. 16 68.56
Mean * 45.51 20.108 65.64

W 7 A ) 45 SR (1 S 359 G W0 B[] RS- X G 0 o
1 % [d] SR—Net+PERCLOS™>! J5 3 ¥ 17 %t L |, 4% 3 4
5 Fron 3l kR O 95 ok AR v T R 2SO A Y i
J5 WP, {8 ] DF=LSTM [ 4% g 3 J5 1 46 0 5% v
S A7 G 0 R A R T 1.38% , H S 2 G I i fi] 16
T 7.03 ms,

RSEFRMERT

Tab.5 Comparison of fatigue detection result

Method Speed/frame - ms™! Mean accuracy
CNN+PERCLOS™! 58.601 93.10%
CNN+DF-LSTM 65.64 94..48%
4 & &

SCHIE A I CNN Y g 2 A7 BRI DX 80 18
SR B RS, B 3 5 Ak B 25 S 53T R A e ik A
DF-LSTM [ 4% 5¢ J& 95 55 K ), 52 46 45 R 3R B 1% 9%
95 K W 75 95 B A% A AR I 2 08 S L0 A AR, 9% 57 K
DU 2R 0T 55 94.48% , V- 4K M B[] 24 65.64 ms.,
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