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Abstract: Influenced by factors like facial features, accessories, facial outer contours are extracted by the traditional geometric active
contour models and conatin depressions and result in fragmentation, etc. To address these problems, according to the characteristics of
human face image, the study proposes a hybrid energy based geometric active contour model via combining the energies of contour outer
tension force and skin color with the global energy. First an outwards tension force, computed by neighborhoods of contour points, is
added to the contour. This force makes the curve insusceptible to the facial features and accessories, but move towards to the facial outer

contour. As skin color is the major feature of a human face. Skin color energy is integrated to ensure a more robust algorithm. Finally, an
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improved skin tone detection model is proposed based on the single Gaussian function. It could generate initial position that are close to
the real facial contour, laying a good foundation for contour evolution. The proposed method gives essentially accurate face segmentations
on two public face databases. Take the manually segmentations as the ground truth, the proposed method compares favorably to both
traditional global and local energy algorithms. Next a more challenging set containing 100 faces of life photos with variances in pose is
introduced with illumination and backgrounds. Segmentation results have validated that the proposed method could extract outer facial
contour steadily and accurately under such variances.

Key words: face contour extraction; face detection; active contour model; level set; skin color model
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Fig.2 Evolution process and results of some special region on a real-life human image
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Fig.3 Simulation using synthesized images when the evolution curve passing across the facial feature regions
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Fig.4 Simulation using synthesized images when a face image contains some bar decorations,

thick lines in (b,c) are the final curves
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Fig.6 Initial face contour fitting based on an adaptive single Gaussian model
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Fig.7 Initial facial contour location results of data set 2
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Fig.8 Initial facial contour location results of data set 3
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Fig.9 Face region estimation error (Data set 1)
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Table 1  Face region estimation error and time costs (Data set 2)
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Sk R A e(©) e() )i % FEI (ms)
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Fig.10 Face contour segmentation results, 500 iterations
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Table 2  Facial outer contour location results (Data set 2)
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ik 12.53 61.94 29.1
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Fig.11 Some segmentation results under extremely complex conditions using HEAC method
with 200 iterations (data set 3)
Bl B2 R T A5 T45 R R HEAC 532,354 200 (R 4E 3)

Table 3 Segmentation results of 3 different resolutions
F3 3 AANFDHAREG KN F145 R
s EGBEE iKERAN AR R (s)

ER 300225 123x123 200 2.8
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Fig.12  Analysis of the length of the neighborhoods
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Fig.13 Evaluation of each energy part of our method, 150 iterations
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(a) (b)
Fig.14 Effects on the segmentation of contour outer tension force
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