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Abstract

In this paper, we propose an algorithm for open/closed eye detection based on modified Hausdorff distance. The
proposed algorithm consists of two parts, face detection and open/closed eye detection parts. To detect faces in an image,
MCT (Modified Census Transform) is employed based on characteristics of the local structure which uses relative pixel
values in the area with fixed size. Then, the coordinates of eyes are found and open/closed eyes are detected using MHD
(Modified Hausdorff Distance) in the detected face region. Firstly, face detection process creates an MCT image in terms
of various face images and extract criteria features by PCA(Principle Component Analysis) on offline. After extraction of
criteria features, it detects a face region via the process which compares features newly extracted from the input face
image and criteria features by using Euclidean distance. Afterward, the process finds out the coordinates of eyes and
detects open/closed eye using template matching based on MHD in each eye region. In performance evaluation, the
proposed algorithm achieved 94.04% accuracy in average for open/closed eye detection in terms of test video sequences of
gray scale with 30FPS/320x180 resolution.
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Fig. 11. Confusion matrix.
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Table1.  Sequences for the experiment of performance.

Sequence The
duen Sample image | Glasses | number of
number
frames
Sequence 1 0 437 frames
Sequence 2 X 466 frames
Sequence 3 X 484 frames
Sequence 4 0 384 frames
Sequence 5 0 360 frames
Sequence 6 X 353 frames
Total 2484 frames
(TP+ TN)
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Table2.  Performance for proposed algorithm.

Seq. Accurac True True
Num y positive rate | negative rate
Seq. 1 91.30% 91.55% 90.00%
Seq. 2 91.20% 94.04% 72.02%
Seq. 3 95.87% 95.73% 96.77%
Seq. 4 94.53% 100% 86.09%
Seq. 5 95.55% 99.38% 63.16%
Seq. 6 96.88% 96.34% 9. 715%
Total 94.04% 95.75% 86.64%

a% 12 st = M
Fig. 12 performance

positive rate 5.03%, True negative rate 25.19% 7§ %

(e} S = O~
AS &g = et

E 3 dlmfabo| e U =2 oD2|Z0 Ns
Table3. Performance for the algorithm of paper [6] to
compare with proposed algorithm.

Seq. Accurac True positive True
Num y rate negative rate
Seq. 1 75.06% 7811% 64.65%
Seq. 2 87.7171% 93.73% 52.24%
Seq. 3 94.21% 98.81% 63.49%
Seq. 4 86.20% 82.02% 92.31%
Seq. 5 82.78% 88.22% 45.65%
Seq. 6 79.89% 99.63% 12.50%
Total 84.70% 90.72% 61.45%

O 18 2o JHE

Fig. 13. Result images.
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