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Abstract: Current fatigue monitoring equipment is expensive, non-portable, and its algorithm has a
low robustness in eye movement image processing. Existing front-end camera fatigue monitoring
schemes have many limitations and greatly affect their users efficiency; as such, the development of
portable and accurate fatigue monitoring systems is very challenging. In this paper, a new type of fa-
tigue monitoring glasses and N-Range image processing algorithm is proposed to improve the robust-

ness of eye location analysis and accuracy of fatigue detection. Real-time fatigue analysis is performed
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for users of the proposed mechanism according to the theory of percentage eye closure (PERCLOS)
P80 fatigue assessment; it is considered that the P80 criterion is the most suitable for this study. In
the process of side-eye image processing, an N-Range eye region extraction algorithm is proposed.
The activation map is computed by an N * N convolution kernel, and it is segmented by the OTSU
threshold segmentation method. The activation value of pixels smaller than the threshold is set at ze-
ro. Based on this, the standard deviation projection in the horizontal and vertical directions is calculat-
ed; the human eye region is located by the average threshold method from the projection map. The eye
closure degree is measured by calculating the ratio of eye height to eye width and then counting the
closure time. Experiments show that the aforementioned problems can be adequately solved by our
method. Even in complex environments, the method in this paper still performs well, with fatigue
judgment accuracy reaching 94 %. The fatigue-monitoring scheme proposed in this paper, can be posi-
tively adapted under many uncertainties. As such, our fatigue monitoring glasses and N-Range algo-
rithm can achieve high accuracy without affecting the efficiency of workers.

Key words: fatigue monitoring; PERCILOS; N-range; eye partial excision; portable wearing equip-

ment
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*1 ZTHEMNEINESTEE
Tab. 1 Subjective fatigue of subjects
95 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AE % 19 18 18 19 20 30 33 35 43 24 25 26 22 36 46
FAPE SR VEE T Ei i ;;i i ;;i g';i ii HE TN ii I Ei 15
TAERZ W ek B W mB SIE B M M wR R W B BI RIK
T2 MEBEEFZFENRBLNER
Tab. 2 Results of fatigue monitoring glasses
%5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 0.33 0.17 0.25 0.22 0.48 0.16 0.42 0.33 0.44 0.22 0.17 0.52 0.33 0.44 0.27
2 0.38 0.14 0.42 0.22 0.44 0.24 0.55 0.42 0.36 0.19 0.28 0.68 0.30 0.36 0.19
3 0.36 0.22 0.46 0.21 0.57 0.18 0.67 0.37 0.39 0.24 0.27 0.57 0.35 0.42 0.22
4 0.44 0.21 0.39 0.14 0.61 0.19 0.55 0.38 0.42 0.30 0.11 0.66 0.27 0.50 0.19
- FV 0.38 0.18 0.38 0.20 0.53 0.20 0.55 0.38 0.40 0.24 0.21 0.61 0.31 0.43 0.22
T 1 1 3 2 1 2 3 1 3 2 4 2 1 2 1
S 2R SRR A RS ARk, AT S
SCH R NFE 2 h AT LU 2~ 15 2R
O 45 W SR W R AT . I TS £3 SWTHENL
BRI, H 1 228 SRR E JRHE T & FH Tab. 3 Comparisons with popular algorithms
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P R0 30 5 L 5 0 1 ) 0 R Oy e i Maya Arlini S
B 5 H W A B AR ANST . W 2R E R Puspasari®) 010 B0 AR L0s
ot AR B 55 W I 7 2 S B AR 280 L B O B 7 Tang Jie® 2018 84%  %H
AT, RS RRY . 15 4 Anthony
SARH P 1 4R (LB HW R AR 2018 8920
WS IRGE T eh L B 9 T R A F T 94% L H
5 BT FH S P A T 5 114 355 0 35 Wy Anirban Lo 01 Jesent
W THERCE M B TR (L 1. 93, kg mAk  Dwswa”
JF RACRRTELE BT A — i % s R Cheng 2012 010 ARsknd
T AR SR R S M I E R TR RO Our Method 2010 015 WTE%ET
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